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from CARBIDE ano CARBON’S 
expanded production facilities 


Ethanolamines are available now in greatly increased quantities— a result of added facilities 
for production of Ethylene Oxide. 

Mono-, di-. and triethanolamines have been produced by Carsipe and Carson since the 
1930°s, Carnipe’s long experience in production of these basic materials assures you of high, 
uniform quality. 

Lse ethanolamines for acid gas absorption. for solubilizing 2.1-D. and for making =y nthetic 
detergents. soluble metal-cutting oils, corrosion inhibitors. 


and other amine derivatives. 


Drum stocks of ethanolamines ean be delivered promptly CARBIDE AND CARBON 
from warehouses in principal industrial areas. Compart- CHEMICALS COMPANY 


A Division of 
ment and full tank car lots can be shipped promptly to Union Carbide and Carbon Corporation 


30 East 420d Street New York 17, 
meet your needs, 


For complete information, phone or write 


nearest office 
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Get Clean Separations 
and Big Capacity with... 


BAR- NUN 
ROTARY SIFTERS 


XCLUSIVE Gump design and 

sturdy construction of the BAR- 
NUN Rotary Sifter assure extra years 
of efficient service. Complete rotary 
motion, mechanically controlled, of 
the entire screen area makes possible 
the use of either level or inclined 
sieves, with these advantages: 


1. Clean, thorough separations at 
large capacity per square foot of 
sieve area. 

2. Greater flexibility of material fiow. 

3. Freer choice oi outlet locations. 

4. Better control of the sifting opera- 
tion, including rate of material 
travel over the sieves. 


Find out exactly why the BAR-NUN 

is best for many separating jobs in 

a. plants. Mail the coupon 
DAY. 


TEAR OUT—PASTE ON LETTER- 
HEAD AND MAIL TODAY! 


8. F. GUMP CO., 

1311 So. Cicero Ave., Chicago 50, Ill. 
Gentlemen: Please send me descriptive liter- 
ature and complete information on the 
GUMP-Built Equipment indicated below: 
(CD BAR-NUN SIFTERS—grode, scalp or sift 

dry materials. 


VIBROX PACKERS—pock dry materials 
in bogs, drums, barrels. 

CO NET WEIGHERS — automatic weights 
range from 3 oz. to 75 Ibs. 


B.F. Gump Co. 


Engineers and Manufacturers Since 1872 


Published monthly by American Institute of Chemical Engineers, at 15 North Seventh Street, 
Philadelphia 6, Pennsylvania, Editorial and Advertising Offices, 120 East 41st Street, New York 17 
N. ¥. Communications should be sent to the — ¥ Statements ans opinions - Chemical Engineer- 
ing Progrese are those of the contributors, and the American Institute of Chemical Engineers 1311 SOUTH 

po Mens gtr responsibility for them. Subscriptions: U. S. and possessions, $6.00; Canada, $6.50; CICERO AVE. 
Pan-American Union, $7.50; Other Foreign, $8.00. Single copies of Chemical Engineering Progress CHICAGO 50, ILLINOIS | 
older than one year cost $1.00 a copy; others are 75 cents. Entered as second class matter December 


9, 1946, at the Post Office at Philadelphia, Pennsylvania, under the Act of August 24, 1912. Copy I 
right 1952 by American Institute of Chemical Engineers. Member of Audit Bureau of Circulations. < 
Chemical emical Engineering Progress is indexed regularly by Engineering Index, Incorporated. 


DRAVER FEEDERS—accurate volume per- | 


Volume 48 

CENTENMUAL 

Number 7 1952 - 
\1952 

Page 

NE 

| 

| 

ie 


THE INSTALLATION 


}Crane Brass Pressure Regulators on steam lines to 
rubber molding presses; Dryden Rubber Division, 
'Sheller Mfg. Corp., Chicago. 225 units in service. 


THE HISTORY 


Steam generated at 130 psi is reduced through indi- 
vidual regulators on molding presses. Pressure used 
at machines is 60 to 100 psi depending on work. Fea- 
tures of regulator service needed most are: (1) non- 
‘fluctuating outlet pressure automatically maintained 
within close regulation; (2) easy adjustment by press 
operator to specified pressure for given work. 

More than 25 years ago the plant standardized on 
Crane Regulators, a total of 225 being in use today. 
Many are the original installations, still delivering 
desired outlet pressure. Records for all regulators, re- 
gardless of age, show no maintenance cost other than 
prescribed simple routine servicing. On old models 
of the Crane 960 regulator, after prolonged service, 
this includes occasional regrinding of seats. 


SUITABILITY: 


MAINTENANCE COST: 


PRICE: 


Cord hae no 


AVAILABILITY: 


THE VALVE 


Crane No. 960 Brass Pressure Regulators reduce steam or 
air pressures up to 250 psi, to within 80% of inlet pressure. 
Factory pre-set to operate within any of 4 ranges from 1 to 
200 psi, with easily selected service pressure within set 
range. Precision made; fully automatic; highly dependable, 
even under reasonable fluctuation of inlet pressure. All 
wearing parts renewable. See your Crane Catalog or Crane 
Representative for full data. 


The Complete Crane Line Meets All Valve Needs. That’s Why— 
More Crane Valves Are Used Than Any Other Make! 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE « 
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EASIEST TO INSTALL because: 

Both counterweight and counterweight pipe have 

been eliminated. This permits installation of the look 

box at any desired height from the ground or on 
top of tank. 
EASIEST TO READ because: 

Full view Counter in the Look Box for quick, accurate 

reading of foot increments and a dial for reading 

inches and fractions. Use of large distinct numerals 
minimizes chance of reading errors. Eliminates cali- 
brated tape. 

EASIEST TO OPERATE because: 

“VAREC" patented Gravity Compensator (Pat. No. 

1879805) is incorporated with ‘inch reading" dial. 

An external Gauge Check device (Pat. No. 2555593) 

permits manual checking of gauge operation when 

desired. 
EASIEST TO MAINTAIN because: 

All internal parts of the Figure No. 2500 Look Box 
are non-sparking in contact with each other. 
Non-corrosive Graphitar tape sheave bearings — 
self lubricating. 


PROVED 


THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 N. Alameda Street, P. O. Box 231 
Compton, California, U.S.A. 
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automatic Tank Gauging 


“VAREC”, a pionéer in the development and manufacture of auto- 


AUTOMATIC 
‘TANK ‘GAUGE 


READINGS UP TO 70 FT. 


matic tank gauging equipment has applied new fundamentals of 
design and operation to the Figure No. 2500 Gauge for the ultimate 
in accurate liquid level reading and dependable, trouble free 
operation. 

Representing a major improvement with this new concept of 
simplified automatic tank gauge design, the “VAREC” Figure No. 
2500 now utilizes the revolutionary Neg’ator Motor (Pat. No. 
2,063,799) housed within the gauge head, to maintain a predeter- 
mined constant tape tension. This eliminates the need for a con- 
ventional counterweight. 


Here's a 
Look Box 
You Can Read 
Easily, 
Accurately! 


(Shown approxi- 
mately % actual 


The “VAREC” Figure No. 2500 Automatic Tank Gauge is gas tight. 
It is adaptable to all types, arrangements and installations of low 
pressure tanks up to 70 feet in height. “VAREC” Figure No. 2500 
Gauge Head is available as a separate unit and can be installed on 
existing float operated type tank gauges utilizing %” wide tape 
sheaves. 

Provision has been made on the Look Box housing for installa- 
tion at any later date of a “VAREC” Electronic Remote Reading 
Gauger Transmitter for use in conjunction with the various models 
of “VAREC” Electronic Gauger Receivers. 

If you are not yet realizing the many time and money saving 
features and advantages of automatic tank gauging in your opera- 
tions, install this new, simplified “VAREC” Figure No. 2500 Auto- 
matic Tank Gauge and start out ahead. Write or call your nearest 
“VAREC” Representative for all the facts. 


MAIL COUPON NOW FOR NEW BULLETIN CP-3500 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alamedo Street, P.O. Box 231 
Compton, Colifornia, U.S.A. 


Dept. 
Street ond No. 

City ond Stote 


Chemical Engineering Progress Page 5 


4 A New. simplified, 
B FOR ALL TYPES PRES ‘ 
= i 

ii 

| 
! — — ! 


ONVEYING 
Clems for Economy and 


Protection in 
MOVING 
REDLER CHEMICALS 


ELEVATORS 


S-A engineers have the experience 


and the choice of equipment to 
help you solve the most difficult 
bulk materials handling problems 
--+to get low cost-per-ton han- 


dling service with maximum effi- 


ciency. 


S-A’s complete line of bulk con- 
veying equipment is available to 
give you the right type of equip- 
ment units and S-A engineers can 
show you the one best combina- 
tion of units to suit your need. 
The result ...economy, conven- 
ience and greater efficiency. Write 
us about your conveying problems 


... no obligation, of course. 


REDLER Conveyor-Elevators 
ZIPPER Conveyor-Elevotors 
Vibrating Conveyors 

Belt Conveyors 

Screw Conveyors 

Bucket Elevators 

Pan Conveyors & Feeders 
Circular Bin Dischargers 
Centrifugal Loaders & Pilers 
TELLEVEL Bin Level Controls 
Ship Loaders & Unlooders 
Storage & Reclaiming Systems 
Box Car Loaders & Uniooders 
conveyors and elevators move chemicals Bin Gotes, All Types 

to and from a battery of eight outdoor ; SEALAASTER Ball Bearing Units 
storage bins. Compact, dust-tight REDLER Use| i Write for Bulletins 
convevor-elevator casings afford maximum on any of the above 
protection to materials handled and units ; 

can be erected to suit any handling or 

Storage requirements. Section view 

through REDLER conveyor at right, shows 


within its totally- T E Pp H E S-A D A M 0 


57 Ridgeway Avenve, Aurora, Illinois MFG. CO tos Angeles, Colif., Belleville, Ontario 


In this chemical plant, several REDLER 


DESIGNERS AND MANUFACTURERS OF ALL TYPES OF BULK MATERIALS HANDLING EQUIPMENT 
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are Armored against Corrosion 


with 


2) They are PROTECTED 


AGAINST LEAKAGE 
—with the LEAKOLLECTOR 


The patented LEAKOLLECTOR 
stuffing-box gland—an exclusive 
featvre of all I-R chemical pumps 
— provides a simple and effective 
solution to the problem of pump 
leakage. It completely encircles the 
stuffing box, trapping all leakage 
so that it can be drained away for 
collection or disposal. The split 
gland is accurately fitted to both 
the inside and outside of the box, 
and will catch any seep.ge escap- 
ing between the shaft and packing, 
or between the packing and the 
bore of the box. The LEAKOL- 
LECTOR is easily removed from 
the shaft for repacking the box. 


© They are BUILT FOR 


EASY MAINTENANCE 
—and LESS OF IT 


These pumps are ruggedly con- 
structed to last longer on the job— 
and the simple design, with all 
parts easily accessible, means less 
“time out” for maintenance. The 
short, rigid stainless-steel shaft 
prevents impeller whip and elimi- 
nates many stuffing box troubles. 
The suction nozzle is removable, 
Permitting access to the impeller 
without disturbing the discharge 


Piping. 

The CAMERON SHAFT SEAL 
can be installed on all 1-R chemi- 
cal pumps to replace the conven- 
tional stuffing-box packing. It 
eliminates stuffing-box leakage and 
requires practically no attention 
or maintenance. 


1-R Chemical Pumps are of the centri- 
ftugal type, of simple cradie-mounted de- 
sign, coupled to the driving motor. They 
are available in sizes to handle up to 
4000 gpm at temperatures to 800° F. 


Vol. 48, No. 7 


IRCAMET (indicated in color) is used 
for all parts coming in contact with 


the liquid 


These Ingersoll-Rand chemical pumps are 
built to stand up under the continuous 
handling of corrosive and abrasive liquids. 
All parts of the pump that come in contact 
with the liquid are made of IRCAMET — 
a high nickel-chromium-molybdenum al- 
loy steel developed exclusively by I-R for 
chemical pump service. Laboratory tests 
and years of field experience have proved 
its exceptional ability to resist the corro- 
sive action of a wide variety of acids and 
alkalis. Other materials are available for 
special operating conditions. 

In the complete line of I-R chemical 
pumps, you'll find a unit that's right for 
practically any application ...a pump that 
is completely engineered for maximum 
performance, minimum maintenance, and 
high operating efficiency. For complete in- 
formation, write to Ingersoll-Rand, today, 
asking for Bulletin 7095. Or, if you have 
a special pumping problem, contact your 
nearest I-R engineer. He will be glad to 
help you. 


STAINLESS STEEL SHAFT provides marzi- 
mum strength, plus high corrosion resistance. 


PANOFLAM., modified, syn- 
thetic, resin-base paint, highly 
resistant to chemical action and 
to oil and grease, forms a pro- 
fective coating over the entire 
unt 


THREE REASONS WHY THEY'LL GIVE YOU BETTER SERVICE... bbs 
Chemical Pumps 

| 

| | 

| | | 

| | | 
| | 

| | 

CAMERON PUMP DIVISION 362-10 
11 BROADWAY, NEW YORK 4, WN. Y. 
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Closeup of a special Dorr Tray Thickener 
with rubber covered mechanism and ser- 
rated rake blades. Lead covered steel, wood 
and stainless steel units have also been 
fabricated. 


A special 300 ft. dia. Dorr Thickener 
equipped with picket arms and a flocculat- 
ing feedwell installed in a 750 ft. dia. 
earthen basin clarifies 15,000 gpm of phos- 
phate rock tailings. 


Many thickening problems in the process 
industries can’t be solved by standard 
methods. It’s here that Dorr’s ability to 
provide a special unit, tailor-made for 
the special job, pays dividends. Here are 
four recent examples. If your problem 
requires a fresh approach, why not check 


Dorr Thickeners are covered with concrete 
domes to minimize ammonia loss in a nickel 
leaching plant. Covered Dorr Thickeners 
are also used in the pigments industry where 
size precludes indoor installation. 


One of the largest water recovery plants in 
the east uses three 250 ft. dia. Dorr Torq* 
Thickeners installed in a single earthen 
basin. Almost 5 acres of surface area is 
provided with a capacity of 1444 million 
gallons per day. 


Dorr . . . the oldest manufacturét of sedi- 
mentation equipment ... with the newest 
ideas. Write for your copy of Bulletin 
No. 3001 “Dorr Thickeners for chemical, 
metallurgical and industrial processing.” 
The Dorr Company, Engineers, 
Stamford, Connecticut. 


Reg. Pat. Off. 


“Batter tools TODAY to mast tomorrows demand. 


THE DORR CO 


Offices, A 
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PRIMARY PROTECTION FOR 
PERSONNEL... EQUIPMENT... 


PRODUCT... 


Y-Valves, as shown, and Angle Valves are available in Lapp TUFCLAD 
Chemical Porcelain in Yo", 1", Ta", 2°, 3°, 4° ond 6” sizes. Also 
safety valves, flush valves, plug cocks, pipe and fittings (to 8” dic.) 
ond special shapes. 


What's your first worry in case of minor fire 


or explosion or accident? You can get a big one 


off your mind with installation of Lapp Chem- 
ical Porcelain with TUFCLAD Fiberglass- 


reinforced plastic. Without special construction 


TUFCLAD 


SOLID Chemical Porcelain 

personnel, equipment and product. 
ARMOR ED with Fiberglass- TUFCLAD provides a cushion to protect 


porcelain against accidental damage in han- 


‘ Reinforced Plastic dling or operation—and as insulator against 


thermal shock. And the TUFCLAD shell is of 
itself tough—fully able to hold operating pres- 


for protection, you have all the advantages of a 


solid porcelain system with extra security for 


sures against gross leakage even though por- 


celain is damaged by accident, explosion or fire. 


WRITE for description and specifications. 


—_ Lapp Insulator Co., Inc., Process Equipment 
Division, 507 Maple St., Le Roy, N. Y. 


‘ 
PROCESS EQUIPMENT 
CHEMICAL PORCELAIN VALVES bs PIPE RASCHIG RINGS 
PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 


Vol. 48, No. 7 
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Put In Less...Take Out More— 
SEQUESTER IRON with 


Gluconate 


\ 


@ Here's the proof that you put in less...take out 
more when you sequester iron with Pfizer Sodium 
Gluconate, Technical. On this chart are the results 
of a recent study in our laboratories on the iron 
sequestering power of various sequestering agents. 
Of the four chemicals on the chart, you will note 


is a stable, free-flowing, tan- 
colored, crystalline powder. It 
is available in 100-Ib. multi- 
wall paper bags. Try the se- 
questering agent with proved 
results. “Put in less sequestering agent...take out 


that Sodium Gluconate exhibited by far the best 
results in sequestering the ferric ion over a wide 
range of pH. Pfizer Sodium Gluconate, Technical, 


more iron”...with Pfizer Sodium Gluconate, Techni- 
cal. Contact Pfizer today for more detailed informa- 
tion about this study. Call or write: 


CHAS. PFIZER & CO., INC. 
630 Flushing Ave., Brooklyn 6, N.Y. 
Branch Offices: Chicago, III.; San Francisco, Calif.; Vernon, Calif. 


Manufacturing Chemists for Over 100 Years 
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GIRDLER DESIGNS AND BUILDS 


new synthetic nitrogen fertilizer plant 
for Mississippi Chemical Corporation 


Mississippi Chemical Corporation 
assigned complete responsibility 
for engineering and construction of 
its new integrated plant to one 
experienced source .. . The Girdler 
Corp. Original cost was lower than 
estimates from other sources, and 
also ammonia, nitric acid, and am- 
monium nitrate are now produced 
with a lower unit energy input 
than in any other similar plant. 

The plant is a complex one, 
involving production processes for 
hydrogen, nitric acid, ammonium 
nitrate, etc. This is one of the few 


high-pressure, catalytic-process 
ammonia plants in the U. S. 
Methods for safe handling of gases 
at pressures up to 15,000 pounds per 
square inch had to be worked out. 

Girdler has broad experience in 
handling such complete “process 
packages”. . . covering design and 
construction of process plants 
involving very high operating pres- 
sures, high temperature reactions, 
and corrosive substances. 

Call on Girdler in the planning 
stages of your processing facilities 
. .. you can do so with confidence. 


tthe GIRDLER Corporation 


LOUISVILLE 1, KENTUCKY 
Gas Processes Division 


GAS PROCESSES DIVISION: 


Designers, Engineers, and Constructors for the Petroleum and 


Chemical Industries 
VOTATOR DIVISION: Processing Apparatus for the Food and Chemical Industries 
THERMEX DIVISION: Industrial High Frequency Dielectric Heating Apparatus 


Vol. 48, No. 7 
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Synthesis gas plant 


This unit at Mississippi Chemical Corpo- 
ration manufactures high purity syne 
thesis gas needed for the production of 
ammonia. Natural gas is the primary 
raw material. Superheated steam, used 
in the synthesis process, is produced by 
integrating steam generation with 
process functions. Thus the cost of a 
separate steam plant was saved 


Prilling tower 


Final step in production of ammonium 
nitrate. The complete plant has various 
improvements in design and layout, and 
process combinations never before used. 
Proper coordination of countless details 
by Girdler was a major factor in low 
first cost of plant. 


Want More Information? 


Girdler's Gas Processes Division designs and 
builds plants for the production, purification, 
or utilization of chemical process gases; 
purification of liquid or gaseous 
hydrocarbons; manufacture of 

Organic compounds. Write for 

Booklet G-35. The Girdler Corpo- 

ration, Gas Processes Division, 

Louisville 1, Kentucky. District 

Offices: San Francisco, Tulsa, 

New York. In Canada: Girdler 

Corp. of Canada Led., Toronto. 


: Girdler Process News 
t 
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Deethanizing unit for 
fractionation of liquefied 
petroleum gas at Sinclair ’ 
Refining Co. is regulated 

by Brown Instruments (at 

right) on factory-assem- 

bled panelboard. 


with the help of 


Brown Advanced Instrumentation 


) coordinated control of fractiona- 
tion is proving the key to economical separation 
and purification of chemicals, and to the effi- 
cient recovery of light ends of petroleum for 
conversion to liquid petroleum gas and petro- 
chemicals. 


Typical of modern fractionation is the LPG 
plant of the Sinclair Refining Company at 
Marcus Hook, Pa. Here as in thousands of 
operations throughout the world, Brown In- 
struments measure, record and control every 
variable critical to process efficiency . . . hold- 
ing each in line with the precision essential to 
top output and quality. 


When you’re looking for automatic recording 
and controlling instruments for your fraction- 


ating operation, or any other process, consider 


first: 


e The Brown know-how developed through 
many years of application experience in the 
industry. 


e The completeness of the Brown line—re- 
corders, controllers, panelboards, valves and 
accessories. 


For a detailed discussion of your process re- 
quirements, call in our local engineering repre- 
sentative . . . he is as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., 


Industrial Division, +427 Wayne Ave., Phila- 
delphia 44, Pa. 


iH) Honeywell 


Coitiols 


@ Important Reference Data 


Write for Composite Catalog No. 5000 describing the principal Honeywell instruments for process industries. 
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are switching 
Glass Pipe 


Here are 6 reasons why chemical engineers and proc- 
essors who have had experience with PYREX brand 
“Double-Tough” glass pipe recommend it to you: 


1. Highly resistant to corrosion, physical and thermal 
shock, PYREX pipe lasts longer . . . assures fewer 
production shutdowns, lower maintenance and re- 
placement costs. 


2. PYREX brand glass pipe is noncontaminating— 
protects even the most sensitive solutions. 


3. Trouble can’t hide behind transparent glass pipe. 
And its smooth surface makes cleaning easy. It can be 
sterilized with steam. 


4. Costs less per foot installed than any other cor- 
rosion-resistant piping material. 


5. Easy to install and plumb, your own plant help can 
put in your PYREX pipe installation. 


6. PYREX brand “Double-Tough” glass pipe is avail- 
able now in diameters of 1”, 14", 2”, 3”, 4” and 6” 
I.D. in standard lengths up to 10 feet. Fittings include 
45° and 90° elbows, tees, reducers and crosses. Plug 
valves are available in 1” and 144” sizes. For the com- 
plete story, check and mail the coupon . . . or contact 
the PYREX brand glass pipe distributor nearest you: 


PYREX brand 


ALBANY 5, NEW YORK HOUSTON 7, TEXAS 
W. H. Curtin Compony 


PITTSBURGH, PA. 
Gloss Engineering Laboratories Fisher Scientific Company 


CAMBRIDGE 39, MASS. MONTREAL 3, QUEBEC, CAN. 
Macoloste: Bicknell Company Fisher Scientific Compony 


CHICAGO 44, ILLINOIS SEATTLE 4, WASHINGTON 
Fred S. Hickey, inc. Screntific Supphes 


FRESNO 17, CALIFORNIA ST. LOUIS 2, MISSOURI 
Volley Fdy. & Moch. Works Stemmerich Supply inc. 


THORS LODI, NEW JERSEY 
Sentinel Gioss Compony Mooney Bros. Corp. 


ROCHESTER 3, NEW YORK BUFFALO, NEW YORK 


OTHER PYREX brand GLASS PRODUCTS 
FOR THE PROCESS INDUSTRIES 


PYREX brand Glass Fractionating Columns Offer: 
Uniform quality of distillate through elimina- 
tion of product contamination. 


Longer service life because of exceptional re- 
sistance to acid corrosion. 


‘a> 


Please cond mo the printed information 


Will Corporation Buffalo Apporotus 
High efficiency with a wide range of solvents 
plus complete visual check on performance. 
Sizes: 4”, 6”, 12” and 18” di s. Availabl CORNING GLASS WORKS 
now at reasonable cost. | 
Dept. EP.7, Corning, N. Y. 
PYREX brand GLASS CASCADE COOLERS GIVE YOU: F 7 


Low first cost per BTU transferred 
besides increased economy through 


long service life. CD “PYREX brand Gloss Pipe in the Process In- ] 


Unusual versatility of mounting dustries” (EA-1) 
on floor, wall or ceiling to save valu- CD “PYREX brand “Double-Tough” Giass Pipe and 
able space. Fittings” (EA-3) : 
Maximum heat transfer through “Plont Equipment Glassware for Process 
thin but sturdy walls. dustes” (EB-1) | 
i Manval” for PYREX brand “Deuble- 
Available now at reasonable cost Pine (Pt-3) 


Check and mail the coupon. 


“PYREX Cascade Coolers” (PE-8) 


Nome. 
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The corrosion resistance of glass 
plus the working strength of steel 


GLASS 


(DARK AREA) 


fused to 
STEEL 


(LIGHT AREA) 


Pfaudler glass 
is locked to steel by chemical action 


This photograph, a magnified cross-section of a 
glassed steel plate, reveals the powerful mechanical 
gripping that locks Pfaudler glass to steel. The 
roughening of the steel which makes this gripping 
possible is caused by a chemical reaction which takes 
place when Pfaudler glassed steel equipment is fired 
at high temperatures (1500°F.—1700°F.). A second, 
and equally important, result of this firing is the 
stresses which are built up within the glass itself as it 
cools after removal from the furnace. These stresses 
make the glass hard and tough. 

Because it can be so durably bonded to steel, glass, 
with its almost universal corrosion resistance, is not 
limited to use in the laboratory alone. Today, glassed 
steel reactors in capacities up to 3500 gallons are 
commonplace and custom units as large as 8300 gal- 
lons have been constructed. These units are equipped 
with agitation, can be jacketed, and are supple- 
mented by a complete line of glassed steel accessories. 

Even at elevated temperatures and pressures, 
Pfaudler glassed steel is resistant to all acids except 
hydrofluoric. And now, with a new Pfaudler glass, it 
is possible to handle alkaline solutions up to pH 12 
and up to 212°F.—with no reduction in acid resist- 
ance. Thus it is possible to perform a wide variety of 
reactions in a single vessel. 

Whenever you have an equipment problem re- 
quiring corrosion resistance, durability, and versatility, 
as well as the economy which these features provide, 
look to glassed steel for the solution. Write for our 


general catalog today. 


PFAUDLER 


Engineers and fabricators of process equipment since 1884 
THE PFAUDLER CO., ROCHESTER 3, N.Y. 
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PROFESSOR of chemical engineering in one of 

our larger universities recently criticized company 
representatives who were interviewing students, because 
they were emphasizing too greatly the employee benefit 
programs which their companies offer the prospective 
employee. The complainant contended that less em- 
phasis should be placed on what the new employee 
might expect to receive and more emphasis should be 
»laced on how the young professional's assets could 
be converted into real service to his employer. Aren't 
we all guilty to some degree of looking at our job and 
at life in general in terms of what we are going to get 
out of it rather than of what we can put into the 
development of our employer's business and what con- 
tribution we can make to the welfare and happiness of 
our fellow-men? Too many of us unconsc ose become 
self-centered. It has been said that “a person wrapped 
up in himself makes a very small package.” By looking 
out for the welfare of others instead of, or at least in 
addition to, one’s own welfare, a person will not only 
make the world a better place in which to live but 
also will be happier himself. 

It should be remembered too that the man with 
university training, be it in chemical engineering, law, 
or medicine, has been given not only‘a “kit of tools” 
but a responsibility to use it for the betterment of 
society, of which he is an important part. He should 
take a place of leadership in the community in which 
he lives. His fellow-citizens who have not had the good 
fortune to obtain a college education look to him for 
ieadership and they have a right to do so. The Biblical 
parable of the talents applies to the chemical engineer 
of today as truly as to the servants in the parable. We 
who have special talents, whether natural or acquired 
through university training, Owe it to society to use 
those talents for the benefit of others. 

The leadership of which we speak does not necessarily 
involve holding an important office in a service club, 
charity drive or church organization but may merely 
involve using one’s influence as a plain, hard-working 
citizen to further the things that are worth while in 
the community. Speaking publicly for decency and 
honesty in government, urging fellow-citizens to ex- 
ercise their voting privileges, organizing a group to 
build that community playground, and ringing door- 
bells to obtain signatures on a petition to secure some 
community improvement, all involve time and often 
downright hard work; but the satisfaction which comes 
from accomplishing something of value to one’s com- 
munity makes the effort distinctly worth while 

We often tend to belittle our influence with others 
and do not speak out when we should. Our training as 
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CIVIC RESPONSIBILITIES OF THE ENGINEER 
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AND COMMENT 


engineers gives us the ability to analyze available facts, 
to determine whether more facts are needed and to 
decide from the facts what course of action should be 
taken. Others, not trained as we have been, are more 
likely to be swayed by emotions and form conclusions 
hastily. It is our responsibility to use our analytical 
minds to reach sound conclusions and then use our 
efforts to influence others to form similar conclusions. 
Our judgment is respected and expected. 

It is said often that man would not be happy if he 
couldn't gripe. We as citizens gripe about corruption 
in Washington, but do we ever write our congressmen 
to let them know our sentiments? Few of us ever do. 
Congressmen say they appreciate receiving opinions of 
their constituents anc I believe they are sincere in this. 
If every member of the Institute once or twice a year 
would write to each of his congressmen on matters of 
vital concern to him as a citizen, the combined force 
of such actions would have a marked effect on the trend 
of much legislative action in Washington. Let's quit 
the griping and do something constructive! 

Most companies are proud of their technical men and 
like to see them take places of leadership in the com- 
munity. Few companies indeed begrudge a reasonable 
amount of time away from company business te dis- 
charge important civic duties which cannot be attended 
to outside of business hours. Participation by employees 
in civic affairs makes for good public relations. Manage- 
ment is coming to recognize this in increasing degree. 

One contribution which the chemical engineer can 
make to the life of the community is to participate in 
promoting vocational guidance of young people. Too 
many young people in high school hesitate to go to 
college because they know little or nothing about oppor- 
tunities and personal qualifications necessary for success 
in different fields or professions. Enlightenment along 
this line by a team of university-trained people, of which 
a chemical engineer might well be a member, would be 
eagerly welcomed by most sincere young high school 
students. Many high school students pick a university 
course because it was the one in which their favorite 
uncle or a family friend majored and because he was 
successful in his chosen profession. The student may 
have little aptitude or few personal qualifications for 
such a profession. Most chemical engineers could render 
invaluable assistance in this field of vocational guidance. 

Although we have discussed this subject in the light 
of professional responsibility, it should be considered 
also as personal opportunity. If we as individuals can 
leave this world a trifle better for having lived in it, 
life will truly have been worth living. 


R. H. Price 
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PRODUCTION WILL BE UP 1507%—COSTS DOWN 7/'s 
WITH THIS NEW LOUISVILLE DRYER 


PROBLEM: manufacturer wanted to improve drying operation. 


Installed Cost 

Annual Production (tons) 
Drying Cost Per Ton... SOLUTION: manufacturer called in Louisville engineers. 


DSpace ee These engineers started the Louisville method for pre- 
; determining results ... and for fitting the dryer to the 
job. 


Costs high, production low. 


Step 1. Louisville engineers completely surveyed plant operations 
and previous drying methods. 


Step 2. Recommended dryer design was checked in Louisville 
Drying Cost Per Ton laboratory in actual drying test. 


Space Occupied... Step 3 1 double check with larger pilot plant equipment actually 


installed in customer's plant. 
Ask for new treatise on subject 


of rotary dryers. Step 4 {ll factors determined and solved, full scale drying equip- 
Other General American Equipment: ment was fabricated. 
Turbo-Mixers, Evaporators, Dewaterers, Step 5. Final installation will be checked for mechanical perfee- 
Towers, bee ~ Bi wont mew 2 tion and drying efficiency to insure anticipated results and 
purchaser's satisfaction. 


PROCESS EQUIPMENT SUGGESTION: Why not call in a Louisville engineer to look over your 
DIVISION drying operation? There's no obligation... and the re- 
sults may pay big dividends. 


LOUISVILLE DRYING MACHINERY UNIT 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


ig hey Guten 6 Office: 139 South Fourth Street, Lovisville 2, Kentucky » General Offices: 135 South LaSalle Street, Chicago 
90, Ilinois In Canada: Conadian Locomotive Company, Ltd., Kingston, Ontario 


OFFICES IN ALL PRINCIPAL CITIES 
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WHITHER CHEMICAL ENGINEERING SCIENCE? 


Chemical engineering, like other sciences, is undergoing radical, if not revolutionary, changes. . . . Unit 


operations, once identified as separate fields of endeavor, are gradually becoming, with the continual 
discovery of underlying principles, general formulations of engineering experience. . . . In the following 
pages seven noted and thinking engineers point up present trends in chemical engineering and prog- 


nosticate its future as a science and an art... . 


AN ART 


AND A SCIENCE 


GEORGE GRANGER BROWN 


University of Michigan, Ann Arbor, Michigan 


dw. DeMille 
Campbell Uni- 
versity Pro- 
fessor of Chem- 
ical Engineer- 
ing and dean 
of engineering, 
University 
Michigan, was 
associated at 
one time with 
the New York 
Edison, Alum- 
inum Company of America, and the 
Union Special Machine Co., the Na- 
tional Dairy Products, Inc., and has 
been a consulting engineer for thirty 
years. A Ph.D. from the University of 
Michigan, he has been on the staff of 
the department of chemical engineering 
since 1920. Dr. Brown, the author of 
“Unit Operations.” has been a Director 
of A.I.Ch.E. (1939-42), Vice-President 
(1943), President (1944), and chairman of 


many Institute committees including 
Constitution and By-Laws, and Educa- 
tion and Accrediting. He received the 
William H. Walker Award in 1939 and 
the Hanlon Award of the Natural Gaso- 
line Association of America in 1940. In 
1950 he served as director, U. S. Atomic 
Energy Commission, division of engi- 
neering. 


GENERAL agreement exists— 
even among six rather different 
individuals—that engineering may be 
regarded as the art and science by which 
the properties of matter and the sources 
of power in nature, are used by man in 
structures, machines, and manufactured 
products. Agreement in this, however, 
was just on Noah Webster's say-so. The 
definition implies that the application of 
this science will accomplish some par- 
ticular objective and is therefore useful. 
But actually, what is engineering 


KNOWLEDGE BASIC TO 
CHEMICAL ENGINEERING 


J. C. ELGIN 


Princeton University, Princeton, New Jersey 


ITH a view toward the future 

status of chemical engineering, I 
like to think for convenience, of a 
chemical manufacturing process broadly 
divided into two zones—a chemical re- 
actions zone and a separations zone. 
Material and products must be trans- 
ported to and from each and must be 
mixed and agitated in each. Energy 
must be added to each and heat added 
and removed. Fluid mechanics, dy- 
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namics and transportation, heat flow, 
material, energy and heat balances, and 
the physical or thermal quantities that 
enter into these, therefore comprise 
knowledge which is basic to chemical 
engineering and design. 

In the chemical-change zone, a com- 
plex combination and series of many 
processes simultaneously proceed as fol- 
lows : mixing, physical solution, and pre- 
cipitation and chemical reactions, Chem- 
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science? Science is defined as the ac- 
cumulated and accepted knowledge 
which has been systematized and formu- 
lated with reference to general laws. 
Putting these two concepts together, the 
conclusion can be drawn that the phrase 
chemical engineering science signifies 
that deposit of knowledge which has been 
systematized or formulated for use by 
the chemical engineer in the practice of 
his profession. However, it is generally 
accepted as a workable theory that no 
particular method of collecting chemical 
engineering data could or should be 
adopted by all chemical engineers; that 
the methods depend upon the available 
information and any system must be 
flexible if it is to be of continuous 
service. This is clearly evident in the 
evolution taking place regarding the 
classification of the unit operations. 
Since in these comments the phrase 
chemical engineering science is preceded 
by the word whither, we are committed 
to a discussion on the future method for 
arranging or codifying the aforemen- 
tioned knowledge which will be used by 
the chemical engineers. This presup- 
poses a considerable amount of crystal- 
ball gazing but out of it may come some 
indication or some encouragement as to 
better ways for grouping this correlative 
matter. 


J. C. ELGIN, 
professor of 
chemical engi- 
neering, chair- 
man of the de- 
partment, and 
associate dean 
of the Engi- 
neering School, 
Princeton, 
N. J., has been 
engaged ina 
consulting ca- 
acity in the 
elds of 8- 
tics, rubber, 
petroleum, and textile processing, and 
as a consultant for A.E.C. Professor 
Elgin, a Director of A.I.Ch.E., (1947- 
49, 1952-55), has served on many com- 
mittees including Admissions, Consti- 
tution and By-Laws, and as representa- 
tive on National Research Council. He 
was engineering assistant to associate 
director, division chief, and consultant, 
S.A.M. Labs, Manhattan Project, Co- 
lumbia University, 1944-45. 
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ical-reaction rates, mass-transfer rates, 
fluid motion, and heat-transfer rates are 
combined. Governing factors are chem- 
ical equilibrium, treated through chem- 
ical thermodynamics, chemical kinetics 
combined with kinetics of mass and heat 
transfer—that is, chemical engineering 
kinetics—mechanics of fluid flow, fluid- 
ization and mixing. These principles 
and their combination into design pro- 
cedures, should therefore constitute the 
subject matter around which this zone 
is organized. 

The processes taking place in the 
separations zone are likewise accompan- 
ied by the addition of power and the 
addition or the removal of heat. They 
can be regarded as divided into two 
classes—mechanical separations and 
phase-change separations. The former 
may occur by the force of gravity, by 
centrifugal force, or by straining 
through a semipermeable medium of 
some type, and involve essentially, as- 
pects of fluid mechanics. The latter, 
phase-change separations, all rest upon 
the same basic principle, namely, the 
creation of a second phase—of two new 
phases in some cases—and distribution 
of the feed components between this 
phase and that in which the components 

7 be separated were originally present, 
followed, of course, by subsequent 
: separation of the two. 
* Any combination of the three possible 
phases, liquid, solid, gas or vapor, can 
theoretically be used. Even two gaseous 
jphases can be involved if they are sepa- 
rated mechanically by a semipermeable 
membrane as in gaseous diffusion. All 
these phase-change-separation processes 
can be treated in terms of the same 
fundamental laws and have the same 
basic principles and design theory, and 
these can be generalized irrespective of 
the particular properties of the phases. 
‘The application of material and heat 
balances is the same. The basic con- 
tacting techniques are the same in prin- 
ciple and characteristics for each. 

Continuous countercurrent multistage, 
or continuous differential contact, appli- 
cation of reflux, enriching and stripping 
operations, have the same significance 
and principles whatever the 
physical properties of the phases. 

Phase equilibrium, its representation 
and principles, can generalized, 
treated, and interrelated through thermo- 

for any combination of 
Forces operative in a spray 
tower, in a bubble tower, in a bed of 
fluidized solids, in sedimentation, in 
pneumatic transport, are basically the 
same whether it is masses of liquid, 
solid, or gaseous particles that are flow- 
ing. An analogous situation can be 
visualized for film-type contacting. 
Contacting techniques and their theor- 


design 


dynamics, 
phases. 
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ies—phase equilibrium, mass transfer, 
combination of these into design pro- 
cedures and principles, and the mechan- 
isms and dynamics of phase contacting 
and separation—are the basic principles 
involved. These should constitute the 
framework for the separation zone, and 


CLASSIFICATION OF 


KARL H. HACHMUTH 


not a system built on a particular com- 
bination of phases. 

It is broad principles, such as these 
indicated, around which chemical engi- 
neering science should be systematized 
in the future, if chemical engineering is 
to continue its advance. 


ESSENTIAL SCIENCES 


Phillips Petroleum Company, Bartlesville, Oklahoma 


KARL H. 
HACHMUTH 
was graduated 
from the Uni- 
versity of 
Michigan with 
a B.S. degree 
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gineering. He 
spent his first 
professional 
years working 
in manufac- 
tured - gas 
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development 
chemist for the Ozokerite Mining Co. 
He joined the Phillips Petroleum Co. in 
1927 as a chemical engineer, serving suc- 
cessively as research engineer, group 
leader, section chief, associate director of 
research, technical consultant in chemi- 
cal engineering, and member of the Re- 
search Planning Board, which position 
he now occupies. Hachmuth is known 
for his contributions to phase equilibria, 
thermodynamics, and the mathematical 
ne of chemical engineering prob- 
ems. 


HIS outline on the basic sciences 

necessary for practicing chemical 
engineering can serve to illustrate the 
present status of chemical engineering 
sciences and thus suggest those places 
where attention should be directed and 
where the most likely advances will be 
made in the immediate future. 

The essential scientific subjects or 
divisions of science used in the chemical 
engineering field are: 

Mathematics 
Stoichiometry 
Thermodynamics 
Reaction Kinetics 
Material Transfer 
Energy Transfer 

This list can be lengthened by includ- 
ing less frequently or extensively used 
material, but none of the divisions can 
be left out without sacrificing an ade- 
quate scientific background for the prac- 
tice of chemical engineering. 

Mathematics is in a different category 
from the other subjects in this list. For 
it is a tool used in the application of 
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the other subjects to a given problem 
and so it must be used. By itself, it is 
meaningless as far as engineering is 
concerned. Each of the other divisions 
of science can be applied individually to 
obtain useful information on any chem- 
ical engineering problem, although a 
complete solution requires simultaneous 
application of all the divisions. 

Stoichiometry teaches the ideal pro- 
portions of the reactants required, and 
the compositions and amounts of the 
possible products and by-products. 

Thermodynamics reveals the maxi- 
mum extent of reaction that may be 
hoped for including the effects of tem- 
perature, pressure, etc., on this maxi- 
mum, as well as giving the minimum 
quantity of energy exchange required to 
carry out the desired process. 

Reaction kinetics tells how fast reac- 
tions will proceed provided the material- 
transfer rate and energy-transfer rate 
do not limit the process by their relative 
slowness. 

An adequate knowledge of all these 
factors is necessary for successful proc- 
ess design and operation. Too often 
those familiar with laboratory-scale ex- 
periments neglect to give sufficient con- 
sideration to one or more of the rate 
factors because those factors may have 
no important effect on small-scale opera- 
tions. 

That is, briefly, an outline of the 
things I think of as classifications of 
science or the sciences which are essen- 
tial in chemical engineering. To illus- 
trate a bit: All distillation or separation 
processes are fundamentally similar as 
are the solutions of the problems attend- 
ant on these processes. But, in order to 
obtain practical solutions in a reasonable 
length of time, simplifying assumptions 
are made. This results in three types of 
problems with corresponding types of 
solutions. In some separation processes, 
approach toward equilibrium is rapid 
and the assumption of stepwise attain- 
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ment of equilibrium gives good approxi- 
mations of actual performance. In other 
processes the rate of material transfer 
between the phases is slow so that the 
two phases never approach equilibrium. 
Design calculations must be concerned 
then with material-transfer mechanisms 
and rates. Where separation processes 
involve chemical reactions, even weak, 
easily reversible reactions, the reaction 
rate may be the most important factor in 
design estimations. If a rigorous solu- 
tion is desired, all the classifications of 
science, including rate of energy trans- 
fer, must be used to analyze the problem 
and all separation problems, in fact, all 
chemical engineering problems become 


similar and solvable by a limited number 
of basic concepts. Only in simplified 
solutions, used because of time-saving, 
or because much of the needed informa- 
tion is lacking, do chemical engineering 
problems appear to require multitudinous 
special techniques. 

This concept, namely, that chemical 
engineering science consists of a few 
basic principles, can and probably should 
be used to judge the present status of 
chemical engineering science, to choose 
fields that need more emphasis, to pre- 
dict where greatest advances can be 
made, and to build training programs 
that are more efficient and generally 
useful. 


THE SCIENTIFIC ASPECT 
OF CHEMICAL ENGINEERING 


R. L. PIGFORD 


University of Delaware, Newark, Delaware 


R. L. PIG- 
FORD, con- 
sultant to 
industrial 
chemical com- 
panies in unit 
operations, is 
at present 
chairman, de- 
partment of 
chemical engi- 
neering, Uni- 
versity of Dela- 
ware, Newark, 
Del. He was 
active in war- 
time research work for the U. S. Army 
Chemical Corps and National Defense 
Research Committee. He received a 
Ph.D. in chemistry from the University 
of Illinois. For six years he was asso- 
ciated with Du Pont at the Engineering 
Research Laboratory, Experimental Sta- 
tion. He has been active in the A.I.Ch.E. 
doings, especially on the Program Com- 
mittee. 


HIS writer subscribes to the view- 

point that a real and thorough under- 
standing of scientific principles is a 
necessary part of a chemical engineer's 
professional equipment. Classified or- 
ganization of the subject matter covered 
in the usual college curriculum, while 
important, is only one phase of the 
problem of education for applied sci- 
ence. A more general viewpoint may be 
that chemical engineers should broaden 
rather than limit their background of 
basic science, as otherwise they may be 
poorly equipped fifty years hence to 
“handle unfamiliar problems intelligent- 
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ly,” as W. K. Lewis once described the 
goal of education. In fact, one point that 
we should emphasize is that in order to 
do our jobs well we should not hesitate 
to accept an assignment in whatever 
field of applied science may be required. 

This discussion will touch on some of 
the personal qualifications of the chemi- 
cal engineer that can and should be cul- 
tivated, and which will enable him to 
perform more effectively and efficiently 
as his work develops. 

I have noticed the recent trend of 
classifying all engineers in one group, in 
the societies of professional engineers. 
In these societies the members are not 
designated by their particular field of 
interest. This, I think, is generally a 
good idea. But it seems that chemical 
engineers have some peculiar character- 
istics and this author is inclined to think 
they ought to stress these peculiarities 
instead of just becoming deadwood in a 
group of the engineering professions. 

These individual characteristics inher- 
ent in the chemical engineer ought to be 
developed. Let me make it clear, how- 
ever, at the start, that I do not agree 
with the comments leveled at chemical 
engineers, namely, that they are all re- 
search engineers. I don’t think they are 
nor do I believe that the attitudes which 
have been developing in chemical engi- 
neering teaching and in the professional 
practice of chemical engineering, are 
exclusively in the field of research. On 
the other hand, one of the finest things 
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about the chemical engineering tradition 
is that we are quick to bring basic prin- 
ciples of physics and chemistry to bear 
on our various problems instead of 
adopting the “handbook approach.” 

It is clear, I think, to all of us, that 
these problems are becoming more and 
more unusual and unexpected. Our abil- 
ity to handle such problems with con- 
fidence is to a large degree a measure of 
our success as a profession. This quality 
is what the chemical engineer should try 
to develop, and to effect this change—for 
change it undoubtedly would be—there 
must be a deeper and broader apprecia- 
tion of scientific facts instead of an on- 
the-surface, narrow one. This is in dis- 
tinct contrast to that association of idea 
carried in the words art of engineering. 
At times these words imply the hand- 
book approach. This should be avoided, 
as a step forward in handling unexpected 
situations with confidence. Instead of 
having to pull out our handbooks, wel 
should be able to do a decent job on) 
a problem before us with just the basic) 
scientific principles that each chemical) 
engineer carries in his mind. ; 

Now there are some other peculiarities” 
of chemical engineering that the chem-| 
ical engineer should try to emphasize.) 
We've inherited the philosophy of ex-) 
perimentation from the chemists. I don’t! 
think there is any other branch of engi-) 


neering that indulges in experimentation | 
to the extent the chemical engineer does, | 
and this is one of our strengths, one of | 


the capabilities we should increase, if 
possible. 

Considerable effort is being spent on 
purely physical problems of physics 
rather than of chemistry. Here is the 
place where we differ and depart from 
the chemists and this accounts for one 
of our peculiar strengths. In contrast 
with the equipment that the chemist has, 
we have some knowledge of chemistry 
and, in addition, the ability to handle 
certain physical problems. 

Therefore, we should continue to take 
the attitude that the whole field of ap- 
plied science is open to the chemical 
engineer. I think he should not hesitate 
to do the best job he can on the problems 
that are fundamentally his—the problems 
of the chemical or allied industries— 
regardless of what field of scientific 
knowledge he may be led into. I think 
he should not hesitate to do a decent 
job on the problem of metallurgy if that 
is necessary. In years past, physicists 
and physical chemists, who are closely 
akin to us in their fields of interest, 
worked on many problems that today are 
discussed in our own literature almost 
as often as in the literature of chem- 
istry and of physics. As a matter of 
fact, physical chemists and physicists 
are turning to new fields of endeavor 
that are just opening up. Perhaps by 
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forfeit, we have been left with a field of 
experimentation and of science which 
will not be developed properly unless it 
is developed by chemical engineers. 
Think, for a minute, of the problem 
of selecting an effective solvent for an 
extractive distillation job. It is really the 
properties of the solutions that are at 
the heart of the whole thing. Why 
should we hesitate to go into the field 
of physical chemistry involving solutions 
—not molecules, mind you—but the 
macroscopic viewpoint of solutions if 
that is what we need in order to select 
the best, the most efficient, and the most 
economical solvent for an extractive 


distillation job. We shouldn't hesitate to 
undertake this job. We should feel it is 
ours as much as it is that of the physical 
chemists. 

Many physicists and physical chemists 
* are interested today in learning more 
: more about less and less. This is 


fine, I am sure. I doubt if we should 
have had the atom bomb if it had not 
been so. But in spite of this, we should 
realize that there remains in these fields 
a region in which we should be active. 
We have actually done some effective 
work already on basic problems of this 
kind. For example, the construction of 
compressibility factor charts in order to 
estimate fluid properties more readily 
and more generally than by other tech- 
niques was a significant contribution. 
Had it not been for our attitude toward 
developing physical chemical tools for 
maximum use in industry, we would not 
have gone as far as we have today. 

The principal point is that in the fu- 
ture we should try to develop our gen- 
eral understanding of scientific princi- 
ples, including chemistry, physics, physi- 
cal chemistry, mechanics, even better 
than we have been able to do so far. 


THE EDUCATED MIND 
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Illinois Institute of Technology, Chicago, Illinois 
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HERE are we going in chemical 

engineering? One main objective 
in this pursuit is the development of the 
mind and attitude of a student to enable 
him to attack process and other chemical 
engineering problems. This author sees 
two paths into the future. 

The first path is to continue the pres- 
ent mode of our curricula and crystallize 
the present teaching pattern in unit 
operations and process patterns. This 
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will tend to the setting up of codes and 
rigid classifications and is likely to min- 
imize underlying principles which still 
have new uses and applications. I be- 
lieve that there is danger that this will 
lead to a rigid teaching discipline, 
an outmoded theory will be perpetuated 
and a rigid attitude created in students. 
Already this has occurred in some of our 
science teaching and in other branches 
of engineering education. The handbook 
is too often used for the fina! answer 
rather than as a starting point to be 
followed by clear thinking. 

The second path to the future en- 
visages a recasting of our present notions 
of reaction rates, kinetics, unit opera- 
tions, and processes by use of broader 
basic fields, such as fluid mechanics, mass 
transfer, and energy transfer. 

Of these two, the second is preferable. 
We need new techniques to handle the 
increasing amount of available knowl- 
edge to apply to any given problem. The 
present unit operations overlap and are 
not standing the strain to which they 
are being subjected. New unit opera- 
tions are added every few years, and it 
is found that each new one is based 
mostly upon fluid mechanism (in fluidiz- 
ing), mass transfer (extraction) or 
other broad scientific fields. Hence, with 
this type of growth, it seems we should 
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remodel our techniques of teaching and 
classification of basic principles. 

To predict the future, this author vis- 
valizes a reorientation in five to ten 
years of unit operations and process 
work in accordance with the following 
basic pattern: 


1. Mechanics of fluid and energy trans- 
fer with extension to all rate mechan- 
isms. 

Material and energy balances and rate 

coefficients. 

Thermodynamics. 

Reaction kinetics and catalysts. 

Equipment for industrial operations. 

Process design. 

Research. 

reader might say that all those 
subjects are covered at the present time. 
That is true, but we are not emphasizing 
the broadest bases of the scientific con- 
cepts. This line-up has emphasized the 
mechanics and physics of the processes. 
We must not lose sight of the chemistry 
in industrial processing, but this, it seems 
to this author, can be given emphasis by 
choice of problem illustrations incident 
to the teaching of these mechanistic 
principles. 

The next step in the development of 
chemical engineering education might be 
thought of as an extension of mechanics, 
reaction kinetics, and thermodynamics, 
to process integration. For example, in 
recent vears there has been a marked 
extension of our knowledge of fluid me- 
chanics. Fluid motion and turbulence 
are related to mass and heat transfer 
and are of prime importance in all fluid- 
processing operations. In fact, in the 
field of mixing, it is only in recent years 
that the principles of fluid mechanics are 
available and are now slowly being used. 
These are the same basic elements ap- 
plicable to fluidizing, extraction, and 
other operations. Thus, ideas are chang- 
ing as to how to teach mass transfer 
and heat transfer and other processing 
operations. Some of our best develop- 
ments coincided with the changes in 
techniques and in attitudes toward our 
profession, so, fresh approaches to the 
teaching patterns are welcome. We are 
tending to make our programs too in- 
flexible; rather should things be kept 
fluid. There are signs that we are 
settling down in our techniques just as 
some of the other branches of engineer- 
ing have done. Why, for instance, should 
we be teaching chemical engineering 
thermodynamics when thermodynamics 
has been taught in engineering schools 
for many years. Perhaps it is because 
of the feeling that there has been a 
crystallization in the techniques by which 
thermodynamics has been taught by 
others and we teachers wish to give 
broader concepts in our own courses. 
We in turn must guard against such 
crystallization. 

Again the question looms—Whither 
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Chemical Engineering Science? It de- 
pends upon our attitude toward it as 
professional and scientific persons. If 
we treat it as either an art or a science, 
constantly seeking for better integration 


ENGINEERING — ART 


THOMAS K. SHERWOOD 


of all facts necessary to solve new situz- 
tions, it will expand and develop in ways 
that we cannot now foresee. We must 
be sure that it will change, and that is 
how we shall make progress. 
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HIS author strongly disagrees with 

the suggestion often made that chem- 
ical engineering should avoid the idea 
of being an art. It was Einstein, I be- 
lieve, who said that scientists are those 
people who solve the problems which 
they can solve, and engineers are the 
people who solve the problems which 
have to be solved. The decisions which 
make progress possible in engineering— 
construction, design, management, and 
so on—usually are based on inadequate 
data and made on the basis of experi- 
ence and judgment. Such decisions 
represent the highest form of expression 
of engineering. It would be dull busi- 
ness, indeed, if we knew enough about 
all the atoms to calculate everything that 
could happen. That's my criticism of the 
objection to engineering as an art. 

My complaint about the comments of 
others is that their framework for the 
systematizing of chemical engineering 


knowledge is based largely on what ex- 
ists—on the problems that we see in 
industry in relation to present-day proc- 
esses. There seems to be a great moral 
for us in the history of mechanical 
engineering, because if the mechanical 
engineers had been intellectually a little 
more alert, they would have taken up 
physical chemistry and there might never 
have been any chemical engineering. 

To go back then to the question of 
systematizing knowledge and write about 
it with a little different approach— 
systematizing is, of course, extremely 
helpful. If we can get a framework to 
hang our ideas on we can handle more 
ideas at one time. And this is good. 
That's what the unit operations concept 
did for chemical engineers. But as has 
been suggested, our frontiers have ex- 
panded, the world has become more com- 
plicated, or perhaps we have accepted 
more challenges, and it does seem as 
though that framework is becoming ob 
solescent. 

Now there is another approach—i 
fact there are many. The second one 1 
an old one. It appeared in the prefac 
to Lewis and Radasch’s “Stoichiometry,” 
in 1926. Chemical engineering concept 
were described as falling in three area 
as follows: 


1. Basic principles, such as energy bal 
ances, material balances, the law o 
combining weights, etc 

The whole field of equilibria—physical 
equilibria, chemical equilibria, and the 
second law of thermodynamics. 

3. Rate equations and rate concepts. 


It may be helpful to consider sti!l a third 
system. That is the division into three 
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areas, the first of which is basic science, 
primarily physics and chemistry; the 
second, techniques of application, and 
third, the application. And by techniques 
of application is meant design tools— 
mathematics, graphical methods, design 
procedures, etc., including the compli- 
cated methods for calculating the design 
of stills for multicomponent distillations. 
These are techniques of application and 
the applications themselves are, of 
course, the current industrial processes. 

If we stick to the second and third, 
namely, techniques of application, and 
applications—this has generally been 
done in this discussion—we rule out the 
flexibility which has really been the 
tradition of chemical engineering. The 
great hazard is that we may restrict our 
interest in basic science to things which 
are relevant to present applications. As 

yinted out, that is what the mechanical 
@gineers did, and we stole half of our 


business from them. The continuing 
new developments push back the fron- 
tiers of chemical engineering not because 
of better and bigger acid plants, but 
because of industrial application of 
pieces of science not previously ex- 
ploited. There are many examples of 
this. The whole field of vacuum tech- 
nology had to by-pass right around the 
standard chemical engineering fluid 
mechanics—courses and books—and go 
back to fundamental principles, because 
under high vacuum there is slip at the 
wall. This point was not mentioned in 
the standard chemical engineering texts. 
Industrial applications of chromotog- 
raphy, ionophoresis, high-voltage sterili- 
zation, or spectroscopy require under- 
standing of basic science in areas prev- 
iously not thought relevant to chemical 
engineering. Another example that ap- 
peals to this author is in the field of 
refrigeration. You won't find in refrig- 
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I AM a member of that apparently 
“late lamented” engineering organi- 
zation—I mean the mechanical engineers 
which was so inflexible that it missed an 
Opportunity and passed the ball to the 
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chemical engineers. The curriculum in 
mechanical engineering at Berkeley has 
been influenced greatly by Prof. L. M. 
K. Boelter, now dean of engineering 
at Los Angeles. His philosophy, if I 
interpret it correctly, is that, at least for 
the first four years, there is so much 
basic information, fundamental informa- 
tion, if you please, that it is not prac- 
tical to draw a distinction between the 
various engineering disciplines. As a 
result, the engineering scienc=s that are 
necessary to all fields of engineering, 
are the same—they should be taught in 
the same classes without any differentia- 
tion between a mechanical, civil, electri- 
cal, chemical, or otherwise. The result 
is a unified curriculum in engineering. 

One other observation—it seems to me 
that at the time the A.I.Ch.E. was 
formed, the understanding of heat trans- 
fer, fluid mechanics, the basic principles 
of dynamic similarity and mass transfer, 
were not understood, or were improperly 
understood, by the engineering fraternity. 
In order to solve these problems effec- 
tively, the chemical engineers evolved 
the procedure that is now known as unit 
operations. A magnificent job has un- 
doubtedly been done in systematizing 
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eration books any statement to the effect 
that if you run a thermocouple backward, 
by running some current through it, one 
end gets cold. That is the kind of thing 
covered only in our basic science. Yet 
the reverse thermocouple may be an ex- 
ample of a piece of basic science which 
can be exploited to broaden the full 
industrial picture and make for new 
things. 

The chemical engineer has prospered 
because he has been versatile, intellec- 
tually fast, and his success is due 
to the traditional broad scientific base 
of the profession rather than the accu- 
mulated empirical engineering know- 
how. As the profession matures, let us 
guard jealously our traditional funda- 
mental approach to new technological 
problems, and not follow the older 
branches of engineering down the dead- 
end road of empiricism. 


the available information on procedures 
in this way. However, as a member of 
the mechanical engineers group, who has 
passed up the “opportunity,” we now 
think that in some respects we are grab- 
bing the ball again. Instead of special- 
izing on the unit operations, we are 
saying that there is enough fundamental 
information in the fields of fluid me- 
chanics, heat transfer, mass transfer, 
mechanic vibrations and otherwise, that 
in order to train men for what is going 
to happen in the next forty years in in- 
dustry, we are no longer considering as 
many details of machine design, steam 
heat power, and other well-known sub- 
jects in mechanical engineering; but 
rather are we providing training in the 
fundamentals basic to a large number of 
unit operations. When one of our engi- 
neers in the future, has to deal with 
mixing problems, he will have a firm 
basis in fundamental fluid mechanics so 
that he understands dynamical similarity, 
including the limitations of that ap- 
proach and what distortion factors may 
be necessary in scaling up from a small, 
or pilot plant, to a prototype. 


Editor’s Note: The articles printed 
on “Whither Chemical Engineer- 
ing Science?” were adapted from a 
symposium of the same name 
given at the A.I.Ch.E. meeting in 
Atlantic City. George Granger 
Brown was moderator. The state- 
ment by R. G. Folsom represents 
a revised edition of the comments 
made from the floor. 
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ITH materials of construction for 

chemical-processing equipment un- 
der critical demand, today, the impor- 
tance of extending the life of existing 
equipment cannot be overemphasized. 
Many operating factors affect the cor- 
rosion resistance of metals and alloys, 
and the manipulation of these factors 
to suit the material being used may play 
an important part in extending the use- 
ful life of the equipment. 

The scope of this presentation dis- 
cusses how the adjustment of three of 
these factors can alter the corrosion re- 
sistance of some materials. Factors to 
be covered are: 

1. Aeration, or presence of oxidizing 

agents. 

2. Velocity of media flow, or agitation 

effects. 

3. Temperature. 

These fac.ors may operate independ- 
ent of one another or may be inter- 
related. They do not affect all metals 
and alloys in the same way. To know 
how to regulate these factors it is neces- 
sary to understand the response of a 
specific material in a particular corrosive 
medium. Assuming that such knowledge 
is available or can be predicted with a 
fair degree of accuracy, the potentialities 
of operating equipment to yield optimum 
conditions for best corrosion resistance 
can be reviewed. 


PRESERVING WHAT YOU HAVE 


From the Corrosion Engineer’s Viewpoint 


E. A. TICE 


International Nickel Company, Inc., New York 


Aeration or Presence of Oxidizing 
Agent. Since corrosion is an electro- 
chemical phenomenon, the action which 
occurs can be briefed as follows: In an 
acidic medium, for example, at the anodic 
area the metal goes into solution as an 
ion, with a positive charge, while elec- 
trons flow through the metal to the 
cathodic area. At the cathode, hydrogen 
ions accept the electrons to form hydro- 
gen atoms. These may unite to form 
hydrogen gas and leave the surface, or 
may react with oxygen to form water, 
or hydroxyl ion or may remain on the 
cathodic surface as a layer of hydrogen. 
When this latter action occurs, polariza- 
tion of the cathodic area results which 
in turn slows down the corrosion at the 
anodic area. 

Consequently, if there is a supply of 
oxygen or an oxidizing agent present, 
the removal of hydrogen at the cathode 
is promoted which tends to cause the 
corrosion reaction to continue. 

This effect of aeration on the cor- 
rosion of an alloy can be illustrated by 
the data for Monel in sulfuric acid, 
(Fig. 1). Note the higher rate for air- 
saturated conditions, which prevails up 
to 96% concentration. As the concen- 


tration is increased above 70%, the acid 


becomes oxidizing in nature and the 
corrosion rate 


increases even in the 
absence of oxygen. Many metals and 
alloys respond to aeration or oxidizing 
conditions in this manner. 

Aeration may have a diametrically 
opposite effect on those alloys which de- 
pend upon an oxide film on the surface 
for their corrosion resistance. In such 
cases the presence of oxygen or an oxi- 
dizing agent tends to maintain this film, 
which might otherwise be destroyed, and 
can be beneficial in maintaining good 
corrosion resistance. This effect can be 
illustrated by the data for stainless steel 
in sulfuric acid (Fig. 2). In the absence 
of the oxidizing agent, copper sulfate, a 
high corrosion rate occurs, but by add- 
ing approximately 20 g./l. of copper 
sulfate, the corrosion rate is materially 
reduced. 

These two examples serve to illustrate 
effects of aeration or presence of oxidiz- 
ing agents in a corrosive medium on the 
behavior of commonly used alloys in 
chemical-processing equipment. The 
next consideration is what manipulations 
of operating practice are available to 
obtain the best conditions for an exist- 
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ing piece of equipment, such as a mix- 
ing tank equipped with an agitator. 

In the first case an assumption is 
made that the equipment is constructed 
of an alloy which is adversely affected 
by aeration, as the Monel was in sul- 
furic acid. How can one keep oxygen 
or oxidizing agents toa minimum? The 
answers are: 

1. In selecting reactants, choose those 
which are nonoxidizing, if at all pos- 
sible. For example, if the medium 
must be adjusted to the acid side, use 
of sulfuric acid might be a better 
choice than nitric acid, since the latter 
produces oxidizing conditions 


2. Equip the unit with a cover, to reduce 
the amount of oxygen from the air 
which can contact the medium. This is 
particularly effective if considerable 
agitation is employed. 

3. For agitation, employ mechanical 
methods rather than air agitation, 


which sometimes may be chosen be- 
cause of its availability. 
4. Since oxygen solubility is a function 


4 of temperature, select a temperature 
range which leads to low-oxygen solu- 
bility 


5. Remove oxygen from the water or 
other media employed in the equip- 


: ment. This practice is commonly em- 
ployed steam-generating plants 
where the feed water is passed 


through deaerators prior to entry to 
the boilers. 

In the second case, one can assume 
that the equipment is constructed of an 
alloy, such as a stainless steel, which 
Bdepends upon an oxide film for its cor- 
Listed 
the adjustments 


some of 

which could be made. 


Srosion resistance. below are 


in Operation 


1. In selecting reactants, choose those 
which are oxidizing in nature if at all 
possible. 

2. Omit the use of a cover, or arrange 

for circulation of air so that it can 

contact the medium. This is particu- 
larly effective if rapid agitation is em- 
ployed 

Employ air agitation if compressed air 

is available, or consider addition of air 

as an assist to mechanical agitation. 

4. Omit crevices in the construction of 
the unit where an oxygen concentra- 
tion cell could develop. This can be 
accomplished sometimes by employing 
fillet welds at joints which might 
otherwise exist. A serious problem of 
this kind was solved in the case of 
tube ends protruding through a tube 
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sheet in a heat exchanger. Welding 
of a fillet around each tube to pre- 
clude the presence of the crevice, 
eliminated the difficulty. Another 
problem of crevice corrosion of tubes 
at baffle sheets was materially reduced 
by enlarging the holes in the baffles to 
permit free circulation between the 
tube and baffle hole 

5. lf a precipitated product or sludge re- 
sults in the process, which can ac- 
cumulate on the metal surface, per- 
iodic removal of this product is advis 
able to prevent crevice corrosion un- 
der the deposit. 

6. lf some selection of operation temper- 
ature is possible, choose a range for 
maximum oxygen solubility. 


Velocity Effects 


An increase in the velocity of flow of 
corrosive media past a metal surface 
tends to accelerate corrosion. This effect 
is due to the higher rate at which the 
media are brought to the metal surface, 
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Fig. 4. Effect of velocity on depth of attack in sea water at 
Kure Beach, N. C. for 60 days. 
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and the corrosion products, which might 
otherwise accumulate and slow down the 
reaction, are removed. If the velocity of 


flow is sufficiently high, it may even 
prevent the formation of a corrosion 
product on the surface. 

On the other hand, an 
velocity may reduce or prevent corrosion 
of those alloys which depend upon the 
presence of oxygen or an oxidizing 
agent for their corrosion resistance, by 
maintaining an adequate supply of the 
necessary constituent at the surface of 
the alloy. Increasing velocity may pre- 
vent also the deposition of foreign ma- 
terials on the surface which could lead 
to concentration cell corrosion. Thus, 
velocity may be beneficial as a result of 
its effect in changing another controlling 
factor. 

The first effect can be illustrated by 
the performance of Monel in dilute sul- 
furic acid (Fig. 3). It will be noted 
that the corrosion rate increases steadily 
with an increase in velocity up to about 
250 ft./min., and levels off with some 
degree of irregularity above 300 ft./ 
min. Presumably, the rate of diffusion 
of the corrosive through the corrosion 
product film, and the sloughing off of 
the film, have reached a state of equi- 
librium at about 250 ft./min., and 
further increases in velocity do not dis- 
turb this equilibrium. 

Some materials have the character- 
istic of being able to maintain a protec- 
tive corrosion product film up to some 
critical velocity, but beyond which the 
film is removed and corrosion proceeds 
at a high rate. This effect is illustrated 
by the data in Figure 4 which were 
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Fig. 5. 


re) Upper left: admiralty brass. 


Upper right: 90-10 cupro nickel, 9.7% Fe. 
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Lower left: 70-30 cupro nickel, 0.4% Fe. 
Lower right: 70-30 cupro nickel, 0.05% Fe. 
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obtained from thickness measurements 
of the discs, shown in Figure 5, which 
were rotated in sea water (2). 

The second effect of velocity—main- 
taining corrosion resistance by a supply 
of oxygen at the surface of the alloy, 
and preventing deposition of foreign 
products—can be illustrated by the per- 
formance of stainless steel in sea water 
(Fig. 6). Here it will be noted that 
under quiet conditions marine organisms 
were able to attach themselves to the 
surface and set the situation for oxygen 
concentration cell corrosion to proceed, 
resulting in severe pitting attack. Un- 
der conditions of higher velocity, suffi- 
cient oxygen in the sea water was main- 
tained at the surface of the alloy and 
marine organisms were prevented from 
depositing, with the result that good 
corrosion resistance was maintained. 

Although the illustrations just men- 
tioned show the manner in which ve- 
locity may affect the corrosion process, 
it must not be assumed that these par- 
ticular alloys will be affected in a similar 
manner in all corrosive media. Whether 
or not the product is adherent will de- 
pend upon the nature of the corrosion 
product formed. Consequently, it is es- 
sential that some knowledge of the effect 
of velocity of the particular medium be 
available before one can decide how to 
use velocity to best advantage. If it is 
assumed that such knowledge is avail- 
able, operating procedures, employed to 
obtain optimum corrosion resistance, 
can be considered. 

First, this paper considers alloy equip- 
ment which is known to be adversely 
affected by increase in velocity. The 
following steps would be helpful. 


1. Prevent impingement of the corrosive 
on the walls of the equipment, or in- 
stall expendable baffle plates to absorb 
this impingement attack 
If piping deteriorates because of high 
flow velocities, use of larger diameter 
pipe, resulting in a lower velocity of 
flow, may greatly extend the useful 
lite of the pipe material 
In heat-exchanger service, selection 
of a velocity level below that critical 
for removal of the corrosion product 
film is most important 
Employ as much stream-line flow as 
possible in the design of piping, to 
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minimize turbulence at changes in di- 
rection of flow. For example, attack 
due to turbulence at tube ends can be 
reduced often by use of plastic ferrule 
inserts. 
Where agitation equipment is involved, 
use of larger arms or greater agitator 
surface, operated at slow speeds, is 
preferable to use of a small agitator 
operated at high speed 
Considering equipment which will be 
benefited by agitation of the medium, or 
use of high velocity, the following steps 
would be helpful. 


1. In piping, use as small a diameter pipe 
as is practical, to obtain high rates oi 
flow. 

Use agitators to keep the medium in 
motion, particularly if a suspended 
phase could settle out possibly causing 
concentration cell action under the 
deposited phase. 

Although rate of flow through tubular 
heat exchangers generally is suffi- 
ciently high, sometimes it may be 
advisable to increase velocity by al- 
tering the design, in order to have 
multiple pass flow at high velocity 
rather than once-through flow at a 
low velocity. 


4. lf reasonably long shutdowns are to 
be encountered, the equipment should 
be drained to prevent local attack due 
to stagnant conditions. 

Temperature Effects. Corrosion rates 
of metals and alloys generally tend to 
increase with a rise in temperature of 
the corrosive media. This effect can be 
illustrated by data in Figure 7 for Monel 
and nickel in hydrochloric acid. These 
data show that under air-free conditions, 
nickel might be usable in this media at 
temperatures up to about 120° F., but 
would have too high a corrosion rate at 
temperatures of 150° F. or higher. 

A secondary effect of temperature is 
its influence on oxygen solubility, which 
has been discussed previously. Data in 
Figure 8 for Monel in 5 to 6% sulfuric 
acid serve to illustrate this effect. In 
the air-saturated solution the corrosion 
rate increased rapidly to a peak at 70 
to 80° C., and then decreased sharply 
with a further increase in temperature, 
as the oxygen solubility decreased 
sharply. The stainless steel, on the other 
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Fig. 8. Corrosion of metals in 5 to 6% sulfuric acid 
(oir d soluti velocity 15.5 ft./min.) 


hand, which in this medium depends upon 
the presence of oxygen for its corrosion 
resistance, suffered a sharp increase in 
corrosion rate as the temperature was 
increased, in spite of the oxygen solu- 
bility increase. 
Temperature may have another effect 
by increasing the solubility of the cor- 
B rosion product film which tends to be 
) protective. This effect is shown by the 
performance of chemical lead in dilute 
hydrochloric acid. The lead chloride 
corrosion product film is relatively in- 
soluble in a cold solution, and the cor- 
Frosion rate is low enough for lead to 
be usable. As the temperature increases, 
Showever, the solubility of lead chloride 
increases, the film no longer furnishes 
protection, and the corrosion reaction 
‘can proceed rapidly. 

Temperature may have still another 
effect, that of changing the corrosion 
product film structure from a protective 
Mto a nonprotective one. Cox (1) ob- 
served that such a change takes place in 
the case of zinc in distilled water. Data 
in Figure 9 illustrate Cox’s observations. 
Examination of the zinc hydrate film 
showed that the rapid increase in cor- 
rosion coincided with a change in the 
nature of the film from an adherent gel- 
atinous state to a nonadherent granular 
state. 

Thus, it is apparent that temperature 
may have a number of effects, some 
possibly combining to aggravate cor- 
rosion, and others, to lessen it. In a 
great many cases, the operator may have 
little choice in the matter of selecting an 
operating temperature range from the 
standpoint of its effect on corrosion, 
since the process dictates the tempera- 
ture to be employed. 

The following cases may serve to in- 
dicate relatively simple changes which 
can be made to overcome some adverse 
effects of temperature. 
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Fig. 9. Effect of temperature on corrosion rate of zinc in distilled 


A steam-jacketed kettle was found to 
be suffering accelerated attack in an 
area directly opposite the steam inlet. 
By installing a baffle plate in the 
jacket in front of the steam inlet, this 
“hot spot” and the accelerated local 
attack were eliminated, thus length- 
ening the useful life of the kettle. 

A tank equipped with a steam coil 
located within an inch of the side wall 
suffered severe attack immediately 
adjacent to the coil. This was due to 
both the increased heat and the agita- 
tion of the medium resulting from 
boiling. By relocating the coil about 
6 to 8 in. away from the tank wall, 
this severe attack was greatly reduced. 
A fume exhaust stack handling a 
mixture of water vapor and corrosive 
gases suffered bad attack near the top 
where the gases became cooled to a 
temperature below the dew point, 
causing condensation of an acidic 
solution. By insulating the stack, the 
gases were maintained at a temper- 
ature above the dew point, thus pre- 
venting condensation and the resulting 
corrosion. 

A flat-bottom tank was heated by 
direct fire from the bottom. The tank 
was supported on a steel bar frame in 
direct contact with the bottom. After 
use for some time the inside surface 
opposite the steel framework showed 
accelerated attack because of the 
greater heat intensity in these areas. 
The trouble was alleviated by altering 
the support structure so that the tank 
bottom was entirely free of contact 
with the steel. 

In the case of steam coils in an open 
vessel, accelerated attack on the coils 
was encountered at the liquid level 
where violent boiling action occurred. 
By installing a pipe section of the 
same alloy but of larger diameter 
over the inlet section, and attached to 
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water. 


the coil several inches below the sur- 
face, this hot spot at the liquid level 
was eliminated and the coil service 
life was greatly increased. 

The cases just cited illustrate how 
relatively minor changes in the equip- 
ment usage were able to overcome the 
corrosive effects caused by increased 
temperature, without altering the tem- 
perature of the process itself. 

When temperature of operation can 
also be adjusted, careful evaluation of 
its effect on corrosion of the metals and 
alloys being used can sometimes lead to 
selection of optimum temperature for 
minimum corrosion rate. 

In conclusion, the reader is reminded 
that a number of factors, in addition to 
the nature of the corrosive, affect the 
corrosion resistance of processing equip- 
ment. Three of these factors have been 
discussed from the standpoint of their 
manipulation to create conditions most 
favorable for long life. As industry is 
forced to get by with the equipment 
available, and to use alloys which may 
not be the most foolproof for a particu- 
lar application, such manipulation of 
influencing factors may be of vital im- 
portance to the usefu! life of the equip- 
ment. 
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CORROSION IN CO2-H2S-AMINE SYSTEM 


E. C. CARLSON, G. R. DAVIS, and K. L. HUJSAK 


Stanolind Oil and Gas Company, Tulsa, Oklahoma 


The increased utilization of natural gas from sour gas areas has multi- 


plied the number of plants using amine systems for gas sweetening. In 
some cases, severe corrosion problems have been encountered in these 


systems. 


In one plant, corrosion of the tubes in the reboiler of the amine regen- 
erator was so rapid that failure of the tube bundles occurred in two to 
three months. Operating conditions of this one particular system were 
simulated on a pilot scale. It was found that the metal attack could be 
reproduced when the amine contained small residual amounts of both 
carbon dioxide and hydrogen sulfide and the heat medium oil was 500° F. 
Reduction of the oil temperature to 370° F. practically eliminated the 
corrosion in the pilot unit. It appeared that, in this particular system, 
an excessive metal temperature due to the heating medium was the 
principal factor in the corrosion of the tubes by stripped amine solution. 


HE utilization of natural gas from 

sour ga: areas has resulted in the 
installation of a number of plants which 
use aqueous amine systems for gas 
sweetening. The process consists of 
scrubbing the gas with an aqueous solu- 
tion of an amine, e.g., monoethanol- 
amine, which removes hydrogen sulfide 
and carbon dioxide, and then stripping 
these gases from the amine in a separate 
stripping column. Amine contactors 
purifying natural gas are operating at 
pressures from 30 Ibs./sq.in. to 1500 
Ibs./sq.in. gage. They normally operate 
at pressures of about 200 Ibs./sq.in. The 
stripper may operate at pressures up to 
45 Ibs./sq.in. gage and bottom temper- 
atures up to 300° F. for monoethanol- 
amine water solution. Although heat is 
usually applied to the reboiler by con- 
densing steam, under certain investment 
and utility requirements it may be ad- 
vantageous to use a circulating heat 
medium oil. 

Corrosion problems have been en- 
countered by other workers (1-3) in 
aqueous amine and glycol amine sys- 
tems. The present study was made when 
an aqueous amine reboiler which used 
oil as a heat-transfer medium failed 
after two months’ operation. The gas 
which was being treated contained about 
1% and 6% COs. 

A pilot plant reboiler unit was con- 
structed and operated at conditions ap- 
proximating the commercial installation 
to study the effects of operating var- 
iables on corrosion. It was not known 
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whether CO, or H,S, or both were the 
cause of the corrosion in the commercial 
unit. It was thought that the corrosion 
could be reduced by lowering the heat 
medium temperature to lower the film 
temperature on the amine side of the 
tubes. A series of runs was planned to 
determine the effect of CO, and CO, 
and H.S in the amine solution at heat- 
ing oil temperatures of 500° F. If ex- 
cessive corrosion occurred in the pres- 
ence of CO, and H,S with heating oil 
temperatures of 500° F., it was planned 
to repeat the test with a heating med- 
ium oil temperature of 370° F. This 
lower temperature was chosen because 


calculations showed that the commercial 
installation could operate under these 


conditions with only minor 


changes. 


piping 


Experimental Equipment and Proced- 
ure. A pilot-scale reboiler and auxiliary 
equipment were constructed to duplicate the 
essential features of the commercial unit. 
This consisted of a shell-and-tube-type re- 
boiler utilizing on the shell side a 30-vol. % 
solution of MEA containing small quanti- 
ties of CO, and HS. A flow diagram and 
details of the reboiler construction are ‘pre- 
sented in Figures 1 and 2. 

The reboiler tube bundle consisted of 
three 16 B.W.G. plain carbon-steel tubes, 
34-in. O.D. and 30 in. in length. One end 
of each reboiler tube was welded shut while 
the other was rolled into the carbon-steel 
tube sheet which was 3 in. in thickness. A 
bayonet tube, %4¢-in. O.D., was inserted into 
each reboiler tube, providing an annular 
space for the circulation of the heat medium 
oil. New tubes were installed before each 
run. The main MEA solution was circu- 
lated through a preheater and into the re- 
boiler. The temperature of the MEA en- 
tering the reboiler was thus held a few de- 
grees below the reboiler temperature. A 
metered side stream of MEA was cooled 
and passed through a unit in which CO, 
and/or H.S were absorbed. The concentra- 
tion of acid gas in the MEA returning to 
the reboiler was controlled by adjusting the 
rate of MEA flow to the absorber, and the 
ratio of H.S to CO, in the make-up gas 
to the absorber. 


Fig. 1. Flow sheet—MEA corrosion experiments. 
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Fig. 2. Reboiler details. 


The unit was operated for approxi- 
mately two weeks at each of the condi- 
tions summarized in Table A. 


All tubes were rolled into the tube sheet 
in a similar manner in Runs 1, 2, and 3. 
In Run 4, tube 1 was rolled to a depth of 


2 in, tube 2 was rolled to a depth of 1 in. 


and fitted with an insert, while tube 3 was 
rolled for the full 3 in. of the tube sheet. 


The reboiler tube diameters were 
carefully measured before and after the 
14-day runs and examined for evidence 
of corrosion. During the run daily 
samples of MEA solution entering the 
reboiler were analyzed for acid gas and 
MEA concentration. In the last two 
runs the MEA solution leaving the re- 
boiler and the acid gas to the absorber 
were sampled and analyzed for H,S 
content. 

It was found that accurate determina- 
tion of the CC J, content of MEA could 
not be obtained by acidifying the solu- 
tion with either 50 or 85% phosphoric 
acid even with agitation and heating. A 
procedure was developed in which the 
COs. was precipitated from solution as 
barium This method gave 
results on test solutions within 1% of 
the known value. The concentration of 
MEA was determined by acid titration. 


carbonate. 


Results 


After Run 1 the tubes were found to 
be coated with a hard black scale and 
were slightly etched beneath the scale. 
A white salt-like deposit was found on 
the tube sheet just above the MEA level, 
probably because city water was used 
in making up the solution. In the re- 
maining runs fresh solution was made 
up with steam condensate. 

At the end of Run 2 the tubes were 
found to be coated with a viscous dark- 
brown liquid which was insoluble in 
acetone but dissolved readily in water. 
Tube surfaces were slightly etched a 
few inches from the tube sheet. 
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During Run 3 the MEA solution be- 
came densely loaded with a black floccu- 
lent suspension. Samples collected dur- 
ing the run were filtered, and the black 
residue was washed and treated with 
sulfuric acid. Hydrogen sulfide was lib- 
erated, indicating the presence of a sul- 
fide. At the end of the run the tubes 
were smooth except for an area ap- 
proximately 10 in. from the cold end 
and at the tube sheet. In these areas 
the tubes were pitted. The entire area 
of all tubes was found to be coated with 
a hard black material. Micrometer 
measurements indicated a reduction in 
outside tube diameter at all points. At 
the junction of the tubes and tube sheet 
all tubes were corroded in a ring ap- 
proximately % in. wide. Penetration 
was measured to be from .016 to .032 
in., or one quarter to one half of the 
tube thickness. 

Aiter Run 4 the tubes were found to 
be coated with a viscous dark-brown 
liquid which was insoluble in acetone 
but dissolved readily in water. This was 
similar to Run 2. Since outside surfaces 
of the tubes within the tube sheet were 
rough, a new tube was rolled in and 
immediately removed. The same rough 
surface was present and indicated that 
the tube sheet had been corroded enough 
in the previous run to cause the uneven 
surface. 

Tube diameter histories are recorded 
in Table 1. Evidence of significant area 


corrosion was found only in Run 3 
where the reduction in tube diameter 
averaged 0.0026 in. Evidence of severe 
pitting, as shown in the photographs of 
Figure 3, was also found only in Run 3, 
which was conducted at a heating-oil 
temperature of 500° F. in the presence 
of CO, and H,S. 

The concentration of MEA through- 
out each run is shown in Table 2. A 
decrease in concentration was noted in 
Run 1 and, although precautions to 
maintain a closed system were taken in 
the other three runs, a similar decrease 
was observed in Run 2 and in parts of 
Run 3. In Run 4 at a heating-oil tem- 
perature of 370° F. the concentration 
was relatively constant. 


Discussion of Results 


Corrosion. The decrease in outside 
tube diameter and the deep pitting of 
the tubes in Run 3 clearly show that 
corrosion was most severe in this run. 
The corrosion at the junction of the 
tube and tube sheet had penetrated ap- 
proximately one half of the tube wall. 
The expected life of the tube under the 
conditions of hot oil at 500° F. and in 
the presence of H,S and CO, would be 
about six weeks. 

The only evidence of corrosion ob- 
served during the other rums was a 
slight etching of the tube surface. The 
two conditions (of 500° F. heating oil 
within the tube boiling MEA containing 
N. (Run 1) and CO, (Run 2) ) did not 
result in appreciable corrosion as indi- 
cated by visual observation. The last 
condition of 370° F. heating oil within 
the tube and both H.S and CO, in the 
MEA gave similar results, which are 
assumed to represent industrially safe 
rates of corrosion. It is concluded that 
by reducing the heat-medium temper- 
ature from 500° F. to 370° F., corrosion 
in the pilot plant unit was eliminated. 
Since stripping out all the H,S before 
the solution reached the reboiler might 
prove to be uneconomical, a reduction 
in the heat-medium temperature would 
be the most practical corrective measure 
in this situation if adequate surface were 
available. 


MEA Decomposition. 
of MEA concentration 


The history 
(Table 2) 


TABLE A. 


Run number 


Oil temp. to reboiler, ° F. 
Oil temp. from reboiler, 
Oil flow, Ib./hr. 
Gas to absorber 
MEA circulation rate, gal 
Reboiler pressure, Ibs./sq.in. gage .. 
Acid gas concentration 

CO2 in MEA, v/v 

HeS in MEA, gr./gal. 
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shows a rapid loss of MEA in Run 2. 
A similar trend is shown also for parts 
of Run 3, but in this run the absorber 
vent temperature was higher than in the 
previous run. This would allow water 
to be lost from the system, which would 
increase the concentration of MEA. 
Following Run 3, four baffles were in- 
stalled in the condenser, which increased 
its efficiency and reduced the operating 
temperature of the absorber. In Run 4 
the concentration remained relative!v 
constant. Although the data are not 
conclusive, it is indicated that subst:i- 
tial decomposition of MEA occurred 
when at a heat-medium temperature of 
500° F. 
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Discussion 


B. B. Kuist (Fluor Corp., Los An- 
geles, Calif.): Mr. Davis has certainly 
put his finger on two important deter- 
mining factors in corrosion—tempera- 
ture and the presence of acid gases. He 
also briefly mentioned the glycol amine 
process which is outside the scope of his 
paper. You probably know that the 
Fluor Corp. has the glycol amine proc- 
ess. The addition of glycol changes the 
situation in the reboiler, and probably 
the simplest way to describe the change 
is to say that the glycol raises the boiling 
point of the solution. In other words 
the temperature is raised for any given 
operating pressure. However, the strip- 
ping is much improved and the acid 
gases present in the reboiler are there- 
fore decreased. The net effect is, as far 
as we can observe, less corrosion in the 
reboiler than generally encountered with 
aqueous solutions. 
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TABLE 1.—TUBE DIAMETER MEASUREMENTS, INCHES 


Bun No. 2 
Initial Final Initial 


7528 7532 -7528 
7538 7530 7528 
7538 7535 7529 


Run 1. 


G. R. Davis: | believe that could be 
seen at least to some degree on our 
Run 2 where we had carbon dioxide but 
no hydrogen sulfide, and we didn’t get 
corrosion even with the hot oil. 

Anonymous: Would you please com- 
ment concerning the likelihood that cold 
working of the tubes is responsible for 
the observed corrosion ? 

G. R. Davis: I presume the question 
refers to stresses resulting from expan- 
sion of the tubes when rolled into the 
tube sheet. The tube sheet in question 
is three inches thick. The tubes, how- 
ever, were rolled into the tube sheet for 
two inches only. In this manner no part 
of the expanded (cold worked) portion 
of the tube was within one inch of the 
hot solution so that stress corrosion of 
either the commercial or the pilot plant 
reboiler is unlikely. In Run 4 with heat 
medium oil at 370° one of the tubes was 
expanded for the full three inches into 
the tube sheet so that the stressed por- 
tion of the tube actually was in contact 
with the hot solution. Corrosion was no 
worse on this tube than on the com- 


TABLE 2.—MEA CONCENTRATION, 
VOLUME PER CENT 


Days on 
Stream Run 2 Run 3 Run 4 
Start 30.0 30.0 29.9 
5 29.7 26.7 30.1 
10 26.0 29.3 31.2 
14 24.3 31.2 29.8 


Run No. 3 
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Final Initial Final 


-7505 .7503 
-7505 .7503 7503 
.7491 .7504 .7503 
-7503 


-7503 
.7503 .7503 


-7490 -7503 -7503 
-7503 


° 7504 7503 
.T511 .7503 .7503 
.7520 .7503 
5 .7503 .7503 


Run 3. Run 4. 


Fig. 3. Photograph of pittings. 


panion tubes expanded in the conven- 
tional manner. 

Alan S. Foust (University of Michi- 
gan, Ann Arbor, Mich.): Your data 
on the rapidly corroding run indicated 
significant general corrosion. I got the 
impression that the ring of corrosion at 
the tube sheet did not surprise you. 
Was the bundle in the commercial unit 
found to have corroded uniformly or 
predominantly in the rings at the tube 
sheet ? 
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G. R. Davis: With the plain carbon 
steel tubes the corrosion was predomi- 
nantly at the tube sheet. However, it 
was a four-pass unit and there was fail- 
ure at the tube sheet pretty much only 
in the first pass—that is where the hot- 
test oil entered the tubes. When stain- 
less tubes were used, corrosion was much 
more general. As far as I know, this 
ring was not visible at all with the 304 
stainless. 

C. J. Randolph, Jr. (Girdler Corp., 
Louisville, Ky.): You made one test 
where you mixed the H,S and observed 
corrosion, and with COg, alone, you ob- 
served little additional corrosion over the 
nitrogen. Did you run any tests with 
H.S in the same concentration as the 
plant solution with no CO, and did you 
have any corrosion? 

G. R. Davis: No, we did not make 
such a test. 

F. E. Miller (Fluor Corp., Los An- 
geles, Calif.): In regard to the ring- 
type corrosion, Fluor has made some 
rather comprehensive studies on corro- 
sion in glycol-amine plants, and also 
in aqueous amine plants, and we have 
found that the ring-type corrosion near 
the tube sheets is very common. We 
have observed the same sort of a cor- 
rosion under heat-exchanger baffles. I 
believe the reason we have ascribed to 
the ring corrosion is that it is caused 
by the higher temperature there (the 
higher the temperature, the higher the 
corrosion rate). Under the baffles one 
does not find so much flow and conse- 
quently the tube wall temperature would 
be higher. The higher temperature tends 
to strip out the acid gases (CO, and the 
H.S) more rapidly. These acidic gases 
do most of the corroding. 

Anonymous: Did you overlook or 
perhaps just not mention that there 
might have been erosion occurring in 
the plant bundles which was not cov- 
ered in the laboratory work? In other 
words, iron sulfide erosion or something 
of that sort? 

G.R. Davis: Erosion possibilities 
were investigated by plant operating 
personnel. The reboiler in question was 
designed for amine inlet through a 12-in. 
nozzle close to the fixed tube sheet end 
of the bundle. Attack at this point was 
interpreted as being caused by erosion 
and corrective measures were under- 
taken. A baffle plate was installed in the 
tube sheet end of the reboiler shell to 
prevent direct impingement of feed solu- 
tion on the tubes. The next bundle went 
out in somewhat less time than the first 
and in the same way. We then con- 
cluded that erosion was not the pre- 
dominant attack mechanism. 

R. S. Rhodes (Koppers Bldg., Pitts- 
burgh, Pa.) : Was there any evidence of 
corrosion of the tube sheet at the point 
where the tube entered the sheet ? 
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G. R, Davis: Yes, there was. After 
the tubes were removed following Run 
3, it could be seen there was some 
enlargement of the holes in the tube 
sheet. 

R. S. Rhodes: Now, what is the pos- 
sibility that your ring-type corrosion is 
actually erosion ? 

G. R. Davis: That question has been 
discussed to some extent. However, one 
additional point might be of interest. 
In an attempt to minimize erosion pos- 
sibilities, an amine inlet distribution pipe 
was installed along the top of the re- 
boiler above the solution so that the 
amine no longer entered through the 
normal inlet line. This distributor was 
ineffective in reducing the corrosion rate 
in the commercial unit. 


R. S. Rhodes: I meant erosion from 
the standpoint of liquid vaporizing in the 
annular space between the tube and tube 
sheet, causing vapor erosion. Have you 
tried seal welding of the tubes to the 
tube sheet ? 

R. S. Davis: No, that has not been 
tried. Appreciable vaporization in the 
annulus would lead to partial vapor 
binding and might result in erosion by 
cavitation. Calculations indicate that 
vapor binding is unlikely along the main 
part of the tube but may very well occur 
within the annulus. 

John J. Dorsey, Jr. (Commercial 
Solvents Corp., Monroe, La.): Refer- 
ring to Mr. Davis’ observation on chlor- 
ides, we at Commercial Solvents, have 
observed as high as 0.5% of chlorides 
in our amine system which is employed 
in removing CO. from ammonia syn- 
thesis gas. We have further observed 
severe stress corrosion in the CO, ab- 
sorber of our system. Whether this is 
the result of the 0.5% chlorides present, 
we cannot say. However, we are at- 
tempting to reduce the chlorides to as 
low a value as possible. A second point : 
At high temperature differences be- 
tween the heating oil and the saturated 
amine solution a deep-ring type of cor- 
rosion occurred in the tube near the 
tube sheet. At lower temperature dif- 
ferences and higher oil rates slight cor- 
rosion occurred. Is the corrosion at high 
temperature differences the result of the 
rapid evolution of CO. and thus really 
erosion as well as corrosion? 

G. R. Davis: The increased tempera- 
ture difference undoubtedly increases 
the general corrosion rate but would not 
account for the deep ring at the tube 
sheet. We have never found a chloride 
content greater than about 400 p.p.m. in 
the circulating amine. Most of this 
chloride likely comes from make-up con- 
densate. Incidentally, the question was 
asked whether we had ever used alumi- 
num tubes. We did. T think the Fluor 
people will bear me out that aluminum 
tubes appeared to work fine in glycol- 
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amine systems. In this aqueous amine 
system, aluminum tubes lasted only one 
day. I cannot say, however, that this 
short life is the fault of the aluminum 
because the aluminum tube was installed 
in a plain carbon steel tube sheet so that 
galvanic effects may have been im- 
portant. 

N. H. Walton (Atlantic Refining 
Co., P. O. Box 8138, Philadelphia, Pa.) : 
Do you make any attempt to remove 
continuously or at intervals, the sus- 
pended iron sulfide that builds up in 
the solution, in order to prevent ero- 
sion of pumps and other equipment ? 

G. R. Davis: Yes—there are filters 
handling a slip stream of amine in the 
commercial units. These filters are in- 
stalled in all plants and run at all times. 

N. H. Walton: What type of filter 
and filter medium is used? 

G. R. Davis: We have used bag-type 
filters, some precoat types. 

F. E. Miller (Fluor Corp., Los An- 
geles, Calif.): In regard to the use of 
aluminum heat-exchanger bundles, we 
found that they work very well in heat 
exchangers for glycol-amine plants, the 
borderline case being 40% water. When 
the water content of the treating solu- 
tion is 40% or more, the use of alumi- 
num heat-exchanger bundles is ques- 
tionable, but for solutions containing 
less than 409% water, particularly from 
6 to 15% water, aluminum heat-ex- 
changer bundles do very well. We have 
had several aluminum heat-exchanger 
bundles installed in commercial plants 
for about a year now, and they show 
very little evidence of corrosion. We 
have also tried aluminum tubes in re- 
boiler service, but there we have had 
some trouble with them. 

W. O. Cochran (Du Pont Co., Wil- 
mington, Del.) : Has the plant reduced 
its temperature thereby curing the situ- 
ation? 

G. R. Davis: We were somewhat in 
error when we calculated that the plant 
could reduce the heat medium oil tem- 
perature to 370°. We were able, with 
minor changes, to reduce the tempera- 
ture to 440° only. I'll give the history 
on plain carbon steel tubes as it was 
affected by this temperature reduction. 
There were three plain carbon steel 
bundles installed before the heat medium 
temperature was reduced. The life of 
those bundles was eleven weeks, nine 
weeks and eight weeks. The temperature 
was then reduced according to these 
recommendations to 440° F. The next 
plain carbon steel bundle has been in 
service for 52 weeks and is still operat- 
ing satisfactorily. 


(Presented at A.I.Ch.E. Kansas City 
(Mo.) Meeting.) 
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VOLUMETRIC BEHAVIOR AND THERMODYNAMIC 
PROPERTIES OF ETHYLENE OXIDE 


C. J. WALTERS* and J. M. SMITH 
Purdue University, Lafayette, Indiana 


The volume of ethylene oxide in the vapor and saturated-liquid regions 
has been measured in a compressibility bomb from 14.7 to 600 Ib./ 


sq.in.abs. over a temperature range of 70 to 310° F. Additional data were 


taken in the critical region (ft, = 


384.4° F., p. = 1043 Ib./sq.in.abs., 


v, = 0.051 cu.ft./Ib.). Polymerization at temperatures above 220° F. was 
rapid enough to require measurements as a function of time. At 310° F. 
the volume decrease was 0.4%/hr. Testing of the apparatus with nitro- 
gen and n-butane gave results within 0.2% of the accepted volumes for 
these substances. The inaccuracy of the ethylene oxide volumetric data 
is believed to be less than 0.3% below 310° F. and less than 1% above 


310° F. 


Available spectroscopic information was combined with the volume data 
to determine enthalpy and entropy values in the two-phase and gaseous 
regions. Results are shown in graphical and tabular form. 


ETERMINATION of the thermo- 

dynamic properties of oxygenated 
organic compounds has received little 
attention in contrast to the effort ex- 
pended upon hydrocarbons. The rapid 
development of the synthetic chemical 
industry suggests that more work on the 
former group of materials would be 
worth while. The purpose of this inves- 
tigation was to develop an apparatus 
suitable for measuring the pressure- 
volume-temperature relations of a num- 
ber of oxygenated organic compounds 
and to apply it to a particular member 
of the group. Ethylene oxide was chosen 
for the initial study largely because of 
its present and potential importance in 
the chemical industry. 

The published information on the vol- 
umetric behavior of ethylene oxide is 
limited at this writing to the work of 
Maass and Boomer (34), which included 
the temperature range 14.8 to 96.4° C. 
but was limited to pressures of 1 atm. 
and below. The other pertinent thermo- 
dynamic data are as follows: pressure 
enthalpy relations over a temperature of 
120 to 300° F. and over a pressure range 
of 40 to 555 Ib./sq.in.abs. (38) ; entropy 
at 283.66 and 298.16° K., heat capacity 
from 15 to 285° K., and heats of fusion 
and vaporization at the melting and boil- 
ing points, respectively (16); heats of 
combustion and formation at 25°C. (6, 
29, 36, 40, 41); specific heat of the 
vapor in the ideal gas state at 307.18, 
337.04 and 371.23° K. (30); vapor- 
pressure data from 15° K. to the critical 
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temperature, 469.1° K. (11, 16, 22, 34, 
38, 39); compressibility at 25° C. and 
380 mm. Hg. (43); critical temperature 
(22, 34) and critica! pressure (22); vi- 
brational- frequency numbers from 
Raman and infrared spectra (7, 21, 32, 
33) and molecular constants (1, 12, 13, 
15, 48); thermodynamic properties for 
the ideal gas at 1 atm. based on statis- 
tical calculations (19, 20). 

The literature discloses a variety of 
equipment and techniques for obtaining 
p-v-T data. The compressibility units 
vary from capillary tubes (26, 47) to 
large stainless-steel cells of 1- to 2-1. 
capacity (2, 10, 27, 28, 35, 44). Var- 
iable- and fixed-volume methods have 
been used. Pressure is generally mea- 
sured with dead-weight gages, volume 
by comparison with an equivalent of 
mercury, and temperature with platinum 
resistance thermometers. 


Experimental Method 


Apparatus. A relatively large-diameter 
compressibility bomb, rather than a capil- 
lary tube, was decided upon in order to 
increase the precision of the volume mea- 
surements. 

A cylindrical compressibility cell was 
machined from a billet of type 304 stainless 
steel and mounted to form one leg of a 
mercury-sealed U tube. The other leg of 
the U tube was an identical steel cylinder 
serving as a reservoir for the mercury, 
which could be injected into or withdrawn 
from the compressibility cylinder by vary- 
ing the pressure in the reservoir. The latter 
operation was accomplished with com- 
pressed nitrogen and a vent. A schematic 
illustration of the equipment is shown in 
Figure 1. A self-sealing Bridgeman-type 
cover with a Teflon gasket was used on 
each cylinder as indicated in Figure 2. 
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The temperature of the system was con- 
trolled by immersion of the entire U-tube 
unit in an oil bath. The bath tank was 
made from a 35-in. by 23-in. diam. steel 
drum. Four nichrome-ribbon space heaters 
were mounted on the outside periphery of 
the tank and four Variac-controlled finger- 
type heaters within the tank. A steam coil 
was also installed in the bath. A Lightning 
mixer was used to stir the bath. The entire 


tank was insulated with 4 in. of magnesia 


followed by a surrounding steel shell. Tem- 
perature was maintained by a mercury-in- 
glass thermostat which controlled a separate 
heater through a thyratron tube and me- 
chanical relay. Two copper-constantan 
thermocouples (calibrated at the sodium 
sulfate, steam, naphthalene, benzophenone, 
and lead points) were used to measure the 
bath temperature. The thermoelectric ¢.m.f.s 
were read with a Rubicon high precision 
potentiometer and a multiple-reflector-type 
galvanometer. It is believed that the tem- 
perature of the bath could be measured to 
0.05° F., which was approximately the pre- 
cision of thermostatic control. 

The pressure was measured on the nitro- 
gen side of the U-tube and corrected for 
the head of mercury in the U-tube. An 
Aschroft gage tester with a range of 25 to 
2000 Ib./sq.in., was modified according to a 
technique devised by Kay and co-workers 

25) to give continuous pressure readings 
This method involved attaching a disc with 
vertical fins to the piston and weight assem- 
bly, so that a stream of air directed against 
the fins caused rotation without mechanical 
linkage. A small mercury-filled U-tube in 
the pressure gage line sealed the gage-oil 
from the nitrogen lines. Two electrically 
insulated needles, extending into each leg 
of this device and connected in a circuit 
with two 1-v. lamps and a battery, indicated 
the attainment of pressure equiubrium be- 
tween oil and nitrogen in the U-tube. The 
vapor pressure of CO, at 0°C. (8) was 
employed to determine the gage constant. 
Commercial dry ice was found of sufficient 
purity to be used as a source of CO, (45). 
All weights were calibrated on the basis of 
this constant. 

The gage was sensitive to 0.025 Ib./sq.in. 
and it is believed that pressures down to 
25 Ib./sq.in. gage could be measured to 
0.05%. Below 25 Ib./sq.in. gage, pressures 
were determined with a mercury-in-glass 
manometer. 

The volume measurement involved a 
technique, originated by Verschoyle (47), 
centering around the change in resistance 
of a loop of high-resistance wire vertically 
suspended in the compressibility cylinder so 
as to be short-circuited at the mercury sur- 
face. Two stainless-steel lead posts passed 
through the bomb cover into the cylinder, 
with a Teflon cone used to seal the opening 
and electrically insulate the posts. The ends 
of the posts extending into the cylinder 
were shaped into eyelets to take small 


modelers’ bolts and nuts. To the outer end 
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of each post, two glass-insulated copper 
wires were silver-soldered, one pair leading 
to an emf. source and the other to the 
potentiometer. The resistance loop, made 
of 30% irridium and 70% platinum wire 
0.0031 in. diam.) was attached to the 
posts at the eyelets by means of the mod- 
elers’ bolts. Two %-in. stainless-steel sup- 
port rods, mounted on the underside of the 
cover and turned at the lower ends to take 
two small compression springs, carried a 
floating crosspiece to which the resistance 
loop was attached (Fig. 2). 

The compression springs and crosspiece 
allowed for differences in thermal expan- 
sion. In preliminary tests it was found that 
a small stainless-steel float, drilled to fit 
snugly around each wire, eliminated the 
troublesome meniscus effect of the mer- 
cury. To calibrate the resistance loop (or 
probe) to give volume readings, the cylin- 
der was evacuated and completely filled 
with mercury. With the system at the 
desired temperature, mercury was with- 
drawn in steps and the probe resistance 
measured after each withdrawal, until the 
cylinder was emptied. The resistance was 
)measured with the Rubicon potentiometer, 
Futilizing a circuit similar in every respect 
to that for resistance thermometers. The 
mercury was weighed and its volume at the 
temperature of the system determined (24). 
|The relationship between volume and probe 
resistance was thus established. An iden- 
tical probe was built in the cover of the 
reservoir cylinder in order to determine the 
‘relative heights of mercury in the two 


cylinders. From the reproducibility of the 
calibration tests, it is believed that the vol- 
umes could be measured with an accuracy 
of 0.1% and mercury levels within 0.5%. 

Four weighing bombs of capacity ranging 
from 6 to 190 g. of liquid ethylene oxide 
were machined from aluminum. An ana- 
lytical balance could be used in all weighing 
except in the case of the largest bomb. A 
special aluminum valve designed to take 
removable high-pressure fittings was used 
on the bomb (Fig. 2). 


Procedure. In making a typical run 
the first step consisted of distilling a sample 
of ethylene oxide from the storage cylinder 
into an evacuated and ice-cooled weighing 
bomb. Ethylene oxide with a maximum 
impurity of 0.5% by weight was used as 
received from the Carbide and Carbon 
Chemical Co. Preliminary tests indicated 
that purification, beyond the simple distil- 
lation when the sample was transferred 
from storage, would not affect the results 
significantly. 

After weighing, the filled bomb was at- 
tached in an inverted position to the upper 
valve of the compressibility cylinder; the 
latter had previously been evacuated and 
filled with mercury. With connecting lines 
open, mercury was withdrawn from the 
bottom of the compressibility cylinder and 
the ethylene oxide transferred by its vapor 
pressure into the cylinder. By warming the 
weighing bomb and connecting lines with 
a mantle, it was possible to evaporate all 
the liquid in these spaces, so that only 


vapor was trapped in the 1 in. long and 
M4¢-in. 1.D. line between the valves. With 
all valves closed the weighing bomb was 
removed and reweighed. A calculated cor- 
rection of 0.0003 g. was subtracted for the 
vapor loss in the connecting line. The line 
was initially filled with mercury so that 
air would not be introduced. 

With the sample in the compressibility 
cylinder, the bath was heated to the desired 
temperature and the nitrogen pressure ad- 
justed to give any volume within the limits 
of the cylinder. Once equilibrium was es- 
tablished, the pressure, temperature, and 
volume readings were taken, and if no 
change occurred within 10 min., these read- 
ings were recorded and through calibration 
curves converted to p-v-T data. 

For the vapor-phase measurements the 
weight of sample ranged from 2 to 20 g. 
For liquid-phase and vapor-pressure data 
370 to 390 g. of sample were used. 

Tests of the entire apparatus were made 
by measuring the volume of nitrogen at 
160° F. » to 165 Ib./sq.in.abs. and n-butane 
at 190° F. from 22 Ib./sq.in.abs. to the vapor 
pressure. Results were within 0.2% of 
those reported for these substances (44, 42). 
The n-butane (99 mole %) was purified by 
low-temperature distillation before use. The 
average measured vapor pressure at 190° F. 
was 11.767 atm. in comparison with 11.757 
atm. selected by Prengle, et al (42). The 
variation in vapor pressure was 072 atm. 
as the vapor to liquid ratio was changed 
fourfold (4). 
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Fig. 1. 


Chemical Engineering Progress 


July, 1952 


: 
be 

_ = 

—_— 
[O) 
| 
| 

}. 
AA = 
= = 

FC | gs 

= 

- / = 

= = 
Vas = = 
= ed! = 
= J] s 
= 
q 
| JSS 


Data 


The pressure and volume were mea- 
sured along isotherms beginning at 
70° F. and separated by 30° F. intervals. 
The measurements up to 160° F. pro- 
ceeded satisfactorily. Results are pre- 
sented graphically in Figure 3 as resid- 
ual volumes vs. pressure. At tempera- 
tures greater than 160° F. and at low 
pressures where small samples (2-3 g.) 
were necessary, the residual volumes 
were erratically large. Above 220° F. 
the residual volumes increased with re- 
tention time. These effects were traced 
to polymerization, the  oily-to-waxy 
product being readily washed from the 
compressibility cylinder with liquid 
ethylene oxide after each run. The 
smaller the sample the greater the effect, 
indicating a surface-catalyzed polymeri- 
zation. To circumvent this difficulty a 
maximum sample was used and a time 
correction applied on the basis of a series 
of readings taken at different times. By 
using a fresh sample for each run and 
preheating the oil so that the first read- 
ing could be made within one or two 
hours after the run was started, data 
were obtained up to 310° F. An example 
of the residual volume-time curves is 
shown in Figure 4. 

The initial rate of volume decrease 
with time at 250° F. was about 0.02% / 
hr., at 280° F. 0.1%/hr., and at 310° F. 
04%/hr. The logarithm of the percen- 
tage change in volume plotted vs. 1/T 
produced a straight line, corresponding 
to the equation: log k = —11,800/T 
+13.0, where & is the fractional decrease 
in specific volume per hour and T is ° R. 
From this expression the apparent acti- 
vation energy for this specific case is 
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Fig. 2. Compressibility cylinder. 


23,500 B.t.u./lb. mole. At 340° F. the 
rate of decrease of specific volume is 
predicted to be 1.6%/hr. On this basis 
it seemed impractical to attempt operat- 
ing at the higher temperatures. A sam- 
ple of ethylene oxide taken at the mid- 
point of a distillation showed the same 
behavior when tested in the apparatus, 


indicating that polymerization was not 
due primarily to the impurities in the 
oxide. 

Because of the large permissible sam- 
ples, vapor pressure and specific volume 
measurements were made at 340° F., 
370° F., and in the critical region with- 
out significant polymerization. 

Using the concept of rectilinear dia- 
meters (17) and all the measured satu- 
rated volumes, it was possible to estimate 
the specific volume of the saturated 
vapor at 340 and 370° F. and the critical 
volume at 384.4° F. Using this informa- 
tion, together with vapor-phase data ex- 
trapolated on the residual volume vs. 
pressure and temperature charts, the 
range of results was extended to include 
all the dome region, and the vapor re- 
gion to 400° F. and 900 Ib./sq.in.abs. 
All isotherms on the residual volume vs. 
pressure chart (Fig. 3) were extrapo- 
lated to zero pressure assuming the 
change with pressure to be approxi- 
mately constant in the lower pressure 
region. The residual volumes for the 
saturated vapor were obtained by extra- 
polating the isotherms to the vapor 
pressure with approximately constant 
curvature. This latter step was neces- 
sary because premature condensation 
and perhaps other wall effects would not 
permit the direct measurement of satu- 
rated volumes (28, 31). 

The smoothed vapor-phase results 
compare well with the limited data from 
the literatare (34, 43); the deviation is 
less than 0.4%. The vapor-pressure data 
are in fair agreement with all earlier 
data (11, 16, 22, 34, 38, 39) except that 
of Mock and Smith (38). These au 
thors feel that the temperatures they 

recorded may have been in error (37). 
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Fig. 4. Change of residual volume with time at 280° F. 


A plot of the experimental vapor pres- 
sures illustrates the continuity of the 
different data over the complete temper- 
ature range (Fig. 5). The smoothed 
liquid volumes extrapolate to acceptable 
agreement with low temperature data 
(34, 46) the deviation appearing to be 
about 0.5%. 

From the over-all point of view it is 
estimated that the inaccuracy in the 
vapor phase is less than 0.39% below 
310° F. and less than 1.0% above 
310° F. The vapor pressures deviate 


from the following equation by an aver- 
age of 0.2%, 


+ 5.8425 (70 to 370° F.) 

(1) 
but the inaccuracy of the absolute values 
is possibly as great as 0.5%. The inac- 
curacy of the liquid specific volumes is 
probably less than 0.5% at temperatures 
below 310° F. and less than 1% from 
310° F. to the critical temperature. 


The best critical constants are believed 
to.be: 


Pe = 1043 Ib./sq.in.abs. (22 
t. = 384.4° F. (22) 
= 0.051 cu.ft./Ib. (This work) 


The inaccuracy of the critical temper- 
ature is estimated to be no greater than 
0.5°C. (0.9°F.) (9). The vapor- 
pressure data of the present work ex- 
trapolated to 384.4° F. gives a critical 
pressure of 1049 Ib./sq.in.abs., which is 
in acceptable agreement with the value, 
just shown, determined by Hess and 
Tilton (22). The critical volume is 
possibly in error by 3%. 

The complete volumetric results are 
given in Tables 2 and 3. An examina- 
tion of the data reveals that the gener- 
alized compressibility chart (14) can be 
used to predict the behavior of ethylene 
oxide over the range of the present work 
with an average deviation of about 2%. 
The greatest deviation occurs at low 
temperatures and near saturation. 


Calculated Thermodynamic 
Properties 


Although the ideal gas properties are 
presented in the literature (19, 20), these 
were recalculated here because more recent 
moments of inertia for the ethylene oxide 
molecule are available. The statistical cal- 
culation of the properties of a substance in 
the ideal gas state has been thoroughly dis- 
cussed by Glasstone (18) and Hougen and 
Watson (23). The vibrational frequency 
assignments selected by Kistiakowsky and 
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Rice (30) were chosen for use in the pres- 
ent calculations. The best moments of in- 
ertia for the molecule appear to be those 
by Cunningham, et al (12). The final cal- 
culated ideal gas properties are listed in 
Table 1. It should be noted that these 
values are in good agreement with those 
of Godney and Morozov (19), because of 
the small differences in the constants used. 
The value of the zero point energy is calcu- 
lated from the heat of formation at 25° C. 
(41) and the statistical enthalpy contribu- 
tions to the compound and elements (23) 
above 0° K. 


(AH;*)+ = [(Hr°® — H.°) + H.* Jono 
— [2He® + + 1/2HO,°} 
(2) 


H.* = —12,190 — 2613 + 2(2,023) 


+ 2(251) + 1/2(2,069) 
(3) 


H,.° = — 9,220 cal./g. mole 


(4) 


Constants of the Beattie-Bridgeman equa- 
tion of state (5) have been determined. In 
terms of Ib./sq.in.abs., cu.ft./Ib., and ° R., 
they are: 


A, = — 300 
a= 0.292 

B, = — 0.150 
b= 0.338 
ez 5x1¢ 


The equation with these constants fits the 
smoothed data with an average deviation of 
about 0.2% when applied 10-50 Ib./sq.in. 
away from saturation and at volumes 
greater than 0.4 cuft./lb. It is not satis- 
factory closer to saturation conditions. The 
negativity of the constants is unusual, 
ethylene oxide behaving similarly to water 
in this respect (3). 

Graphical methods were resorted to in 
the final evaluation of the pressure effect 
on enthalpy, entropy and fugacity coeffi- 
cient. Methods of procedure have been well 
illustrated (14). The only unusual pro- 
cedure in the present work occurred in the 
application of the Clapeyron equation to 
calculate latent heats. The accurate latent 
heat by Giauque and Gordon (16) at the 
normal boiling point was employed to estab- 
lish the best slopes of the vapor pressure 
curve at lower temperatures, since several 
values for the slopes have been suggested. 

The final calculated and smoothed values 
of volume, enthalpy, entropy and fugacity 
are listed in Tables 2 and 3. The enthalpy 
and entropy values are based on the assign- 
ment of zero to the enthalpy and entropy 
of saturated liquid ethylene oxide at 70° F. 
For use in rapid interpolation, where pre- 
cision is not required, a pressure-enthalpy 
plot has been prepared (Fig. 6). 

Since the greatest inconsistency must oc- 
cur along the saturated liquid line (Fig. 6) 
the internal agreement of the calculated 
properties can be examined with the follow- 
ing equation: 

r 


$t — Sor = T + dp 
22.00 Ib./sq.in.abs. 
(5) 


applied along the saturated liquid line. This 
test indicates the average deviation within 
the tables to be no greater than 0.7 B.t.u./Ib. 
for enthalpy, corresponding to 0.001 B.t.u./ 
Ib.—* R. for entropy. 

Comparison of calculated enthalpies and 
entropies with those obtained by extrapolat- 
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TABLE 1. ‘THERMODYNAMIC PROPERTIES OF ETHYLENE OXIDE 


POR THE IDEAL GAS STATE AT ONE ATMOSPHERE 


The zero point energy 


op oal/mmoleK eel/gnole onl/emole 
70 294.27 11.34 57.97 2565 
100 310.94 11.88 $6.51 2758 
130 327.61 12.45 59.25 2961 
160 344.27 12.99 $9.88 3173 
190 360.94 13.55 60.51 3294 


340 444,27 16.27 63.60 
370 460.94 5.7 64.21 
400 477.61 17.23 64.681 


TABLE 2. PROPERTIFS OF 


Temp. press. Volume 


cu.ft. 
“Is. 


— 
70 0.01820 5.447 5.465 

100 0.01862 3.192 3.211 14.2 234.0 248.2 
130 0.01916 1.996 2.005 2 F 
160 0.01985 1.296 1.306 44.9 214.0 258.9 
190 

220 

250 

280 ©.02400 0.2770 0.7019 12 

310 

340 

370 

364.4 0.051 0.051 2 


Liq. _Evap.  Vap. Liq.  Evap. 


57 0 287 0.348 0.348 


= -9,220 cal/gmole 


SATURATED ETEYLEWE OXIDE 


Inthalpy Entropy 


Btu. Btu 


Lig. Evap. Lige 


0.4593 0.45939 
8 0.4162 0.4439) 
0.3804 0.45225 
0.42365 


2435.35 245.5 


0.02066 0.5595 0.8900 61.8 205.1 264.9 0.1049 +3125 «(0.417479 
0.02160 0.5975 0.5091 80.1 191.2 271.3 0.1317 0.2913 0.4130 
0.02269 0.4047 0.4274 100.1 177.4 277.5 0.1593 0.2500 0.40985 


2.3 159.5 281.6 0.1889 0.2161 0.40508 


0.02580 0.1993 0.2141 146.8 159.1 285.9 0.2210 ©.1807 0.40179 
0.0265 0.1220 0.1505 175.68 113.1 286.9 0.2547 0.1416 0.39635 
0.0330 0.0697 0.1027 203.7 79.8 203.5 0.2910 0.0963 0.3 2 | 


ing the subboiling-point, liquid heat capaci- 
ties (16) show agreement to be good to 
0.2 B.t.u./lb. for the enthalpy change from 
70 to 100° F., corresponding to a deviation 
of 0.0003 B.t.u./Ib. ° R. for the change in 
entropy. 

A comparison of the entropies calculated 
from the present work and those deter- 
mined by Giauque and Gordon (16) from 
calorimetric data sHows good agreement. 
The entropy values in cal./g. mole ° K. for 
the real gas at one atmosphere and the 
indicated temperatures are 


S(Giauque, S (This 


T(°K.) et al) work ) 
283.66 57.23 57.26 
298.16 57.83 57.85 


It is to be noted that the entropy from this 
work is dependent only on the vapor-phase 
volumetric data and spectroscopic values, 
and as such represents a completely inde- 
pendent check of Giauque and Gordon's 
results. 

The agreement with the enthalpy data of 
Mock and Smith (38) is good to 2 B.t.u./Ib. 
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Fig. 6. Pressure-enthalpy diagram for ethylene oxide. 
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4 
~ 
cal/gnole°K 
49.26 
49.74 
$0.21 
$0.66 
$1.10 
220 377.61 14.11 61.13 3625 51.53 
250 394.27 14.65 61.74 3862 51.95 
280 410.94 15.20 62.36 $2.36 
310 427.61 15.74 62.96 4571 $2.75 
4637 $3.16 
$3.55 
$196 55.92 
= lbs. 
°p Tb. Th. oR 
0.028 
0.05) 
| 
\ \ \ 
\ | | | 
| 
| 


at low pressures, but deviates considerably 
more near saturation and high pressures, 
the present work indicating a greater ideal- 
ity of ethylene oxide. 

Considering the estimated accuracy of 
the p-v-7 data and the over-all agree- 
ment with calorimetric data, it is be- 
lieved that the enthalpies in the tables 
are not in error by more than 1 to 3 
B.t.u./lb. The error in entropy is ne- 
cessarily of the 
tude, 


same order of magni- 
that is, 0.001 to 0.005 B.t.u./Ib.° R. 
Four significant figures were retained 
in the tables changes in the 
values, especially in the vapor state, 
probably can be determined with more 
accuracy than the estimate just shown. 
The greatest error would be expected in 
the critical region. 


because 
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Discussion 


Anonymous: You noticed polymeri- 
zation at 220° F. Did you notice it at 
any temperatures below that? 

J. M. Smith (Purdue University, 
Lafayette, Ind.): No. Within the pre- 
cision of our volumetric data and over 
the time interval that we covered there 
was no evidence of volume change with 
time below 220° F. It might be men- 
tioned that at a temperature of 300° F., 
the volume change amounted to 0.4% 
per hour and increased in accordance 
with an exponential function at temper- 
atures higher than that. 

Anonymous: I|'m surprised it wasn’t 
faster than that at 300° F. What was 
the next lowest temperature? In other 
words, you say there was nothing below 
220° F. but what was the next lowest 
temperature and what was the pressure 
effect on that? 

J. M. Smith: We operated in 30° 
temperature intervals so the next lowest 
was 190° F. We found the pressure 
effect was not such that it indicated 
polymerization was a homogeneous re- 
action. Instead, the rate appeared to be 
a function of the surface available to 
the ethylene oxide. The effect of pres- 
sure in increasing the concentration of 
the molecules within the homogeneous 
region did not increase the polymeriza- 
tion. 

E. W. Comings (Purdue University, 
Lafayette, Ind.) : In connection with the 
experimental technique, the difficulty 
from the contact of mercury with plati- 
num apparently is a common one in 
work of this sort. Hagenbach (1) re- 
cently completed measurements on 
p-v-T properties of mixtures of nitro- 
gen and ethylene and encountered some- 
what the same sort of difficulty. Maver- 
ick (2) made some measurements with 
the express purpose of investigating the 
reasons for the poor contact between 
mercury and platinum. The conclusion 
was reached that there were two sources 
of error. One has to do with the original 

purity of the mercury and it seems that 
it is difficult to take sufficient precautions 
in purifying mercury to insure good con- 
tact. Dr. Michels (3), of Amsterdam, 
has developed careful techniques for the 
purification of mercury. The second 
source of error Maverick found was that 
it is rather easy to contaminate the 
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TABLE 3 (continued) 


310°F (589.5) 340°r* (731.0) 

Sat'd vapor C.2142 285.9 0.4017 0.743 0.1509 286.9 0.3963 0.704 
Sat'd liquide 0.02880 146.8 0.2210 - 0.0285 173.8 0.2547 

1 187.4 326.4 0.7280 1.000 194.7 337.8 0.7421 1.000 

3 62.40 326.3 0.€784 0.999 64.25 327.7 0.6925 0.999 

$s 37.41 326.2 0.6552 0.998 38.87 337.6 0.6693 0.996 

10 18.66 325.9 0.6237 0.995 19.39 337.4 0.6379 0.996 

14.7 12.67 325.7 0.€062 0.993 13.17 337.2 0.6204 0.994 

20 9.284 325.4 0.5920 0.990 9.655 37.0 0.6062 0.2991 
30 6.159 324.9 0.5733 0.966 6.409 . 336.6 0.5877 0.987 
40 4.£97 324.0 0.£599 0.982 4.785 336.1 0.8744 0.983 
60 3.084 323.4 0.5407 0.972 3.162 335.3 0.5554 0.974 
80 2.253 322.4 0.8268 0.962 2.380 334.4 0.54617 0.966 
100 1.783 321.4 0.8160 0.953 1.863 323.5 0.5310 0.958 
150 1.157 318.€ 0.4954 0.930 1.213 331.3 0.5110 0.936 
200 0.6429 316.1 0.4800 0.907 0.8870 329.1 0.4962 0.916 
300 0.5259 310.1 0.4563 0.€61 0.5603 324.4 0.4741 0.875 
400 0.3642 303.0 0.4365 0.016 +3950 320.4 0.4581 0.834 
$00 0.2610 282.7 0.4157 0.770 0.2936 314.0 0.4423 0.797 
700 0.1663 291.5 0.4035 0.717 
370°F" (936.7) 400°r 

Set'd vapor 0.1027 283.5 0.3865 0.661 
Set'd liquid 0.0330 203.7 0.2902 - - § 

° 348.6 1.000 - 360.1 1.000 

1 202.0 345.6 0.7560 1.000 209.3 360.1 0.7703 1.000 J 

67.29 348.5 0.7064 0.999 69.72 360.0 0.7207 0.999 

§ 40.24 346.4 0.6855 0.996 41.80 359.9 0.6976 0.999 © 

10 20.13 348.5 0.65168 0.996 20.86 359.8 0.6663 0.997 : 

14.7 13.67 348.1 0.6344 0,094 14.16 359.7 0.6409 0.995 

20 10.02 347.2 0.6204 0.992 10.39 359.5 0.6349 0.993 

30 6.656 347.6 ©.€019 0.968 6.902 359.2 0.6165 0.989 
40 4.973 347.2 0.5886 0.964 5.157 358.9 0.6033 0.985 § 
60 3.286 346.5 0.5696 0.976 3.412 3586.5 0.8645 0.979 § 

80 2.446 345.7 0.8563 0.969 2.539 358.0 0.8714 0.972 
100 1.940 345.0 0.8456 0.961 2.016 357.3 0.5608 0.965 ; 
150 1.266 343.2 0.5263 0.942 1.316 355.9 0.5413 0.948 | 
200 0.929 341.4 0.5120 0.923 0.967 354.5 0.8276 0.931 © 
300 337.7 0.4910 0.€86 0.617 351.6 0.5076 0.897 

400 0.420 323.8 0.4752 0.850 0.442 348.6 o.asee" 0.864 

500 0.216 329.4 0.4618 0.214 0.335 345.5 0.4813 0.831 

700 0.193 318.5 0.4375 0.744 0.212 339.3 0.4620 0.766 

900 0.117 «= 299.3 0.4076 0.674 0.140 333.0 0.4475 0.704 


*beased on extrapolated volumetric date. 


mercury. In the experiments which he 
conducted he used an aluminum gasket 
to seal his bomb and at one time removed 
quite a large amount of a white powder 
from the surface of the mercury when 
the bomb was opened. It was found that 
whereas mercury and aluminum seldom 
react, if the surface of the aluminum is 
scratched, then the surface aluminum 
oxide coating is removed and reaction or 
amalgamation between the aluminum 
and the mercury becomes rather easy. A 
piece of sheet aluminum ouiside of the 


bomb was coated with a drop of mer- 


cury and then the surface was scratched. 
Little trees of aluminum oxide grew up 
in a period of 10-15 min. In that time 
a layer '4-in. thick or so will form. This 
indicates a serious source of contamina- 
tion. The mercury may become con- 
taminated with the aluminum in the 
gaskets and also with small amounts of 
alloying constituents such as the copper 
contained in the aluminum. 

C. C. DeWitt (Michigan State Col- 
lege, E. Lansing, Mich.) : The remarks 
about the action of mercury on alumi- 
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num check with my own experience in 
the same general type of work. About 
ten years ago we had occasion to make 
similar observations on another gas and 
we observed that if we scratched the 
aluminum and put it into air, it would 
react as you have indicated. We found 
this action to be even greater when we 
aerated aluminum in water. The pres- 
ence of water vapor in the air seemed 
to exert a profound effect upon the ve- 
locity of the formation of this tree of 
aluminum oxide. 
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METALS 


POISONING OF FLUID 


CRACKING CATALYST 


B. J. DUFFY, JR., and H. M. HART 


Standard Oil Company of Indiana, Sugar Creek, Missouri 


HE catalytic cracking process has 
become increasingly important to the 
petroleum industry as the competitive 
demand for higher octane motor fuel has 
developed. The function of the catalytic 
cracking process is to convert a hydro- 
carbon fraction known as gas oil into 
gasoline—fuel gas and coke being pro- 
uced as by-products. Relative yields of 
asoline and by-product fuels may be 
ifluenced by the quality of the catalyst. 
he term “catalyst selectivity” denotes 
e inherent catalytic properties that 
mtrol these relative yields. A catalyst 
f good selectivity gives a high yield of 
soline, possibly as high as 93 bbl./100 
1. of gas oil actually converted. Con- 
rsely, under identical cracking condi- 
ms, a catalyst of poor selectivity will 
shown to result in a gasoline yield 
low as 82 bbl. /100 bbl. converted. On 
unit producing 10,000 bbl. per day of 
talytic gasoline, such a reduction in 
eld can represent a monetary loss of 
veral thousand dollars per day. 
Investigations in the field of catalytic 
operties have shown that deterioration 
catalyst selectivity with trme can be 
@used by the presence of relatively 
a quantities of contaminants in the 
-d. Known catalyst “poisons” that ad- 
rsely affect selectivity are sulfur 
» #4, 5) and metals. Iron, nickel, van- 
adium, and copper are the major metallic 
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contaminants commonly found in gas- 
oil feeds (5). The metallic compounds 
are relatively nonvolatile and are found 
in greatest concentrations in the higher 
boiling crude fractions. 

To increase the production of catalytic 
gasoline, the refiner may wish to aug- 
ment the usual catalytic cracking feed 
with contaminating marginal streams, or 
even with whole crude. However, the 
resulting decline in catalyst selectivity 
might well make such a move disadvan- 
tageous in the long run. Although it is 
possible for the refiner to control the 
selectivity deterioration by continually 
discarding a fraction of the catalyst in 
the unit and replacing it with fresh ma- 
terial of good selectivity, this expedient 
increases operating costs because of the 
additional catalyst consumption. To de- 
cide on the most profitable operation of 
his catalytic cracking unit, the refiner 
must determine quantitatively the extent 
of selectivity deterioration that would be 
encountered with a given contaminating 
feed stock, and he must determine the 
amount of additional catalyst discard 
that would be needed to maintain satis- 
factory selectivity. 

Operation of a fluid catalytic cracking 
unit at the Sugar Creek refinery of the 
Standard Oil Company (Indiana) has 
provided data on the contaminating 
effect of metals in cracking feed. While 
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Fig. 1. Fluid catalytic cracking. 
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this experience has not resulted in a 
universal solution to the selectivity 
problem, the results should be of general 
interest to other refiners. 

At Sugar Creek three different high- 
metals heavy gas oils, available at var- 
ious times over a 2-year period, were 
used successively as marginal cracking 
stocks. During this period, two separate 
batches of catalyst were employed in the 
cracking unit. The selectivity effects 
observed under these conditions, as well 
as the quantitative methods developed 
for predicting selectivity degradation 
and catalyst requirements for selectivity 
control, form the basis of this paper. 


Apparatus 


The cracker is a fluid-catalyst unit with 
a design feed rate of 25,000 bbl./day. Figure 
1 shows a simplified schematic diagram of 
the unit. The principal vessels are the reac- 
tor, in which the cracking reaction takes 
place ; the regenerator, in which by-product 
coke is burned off the catalyst; and the 
fractionator, in which the reaction products 
are separated for further refinery process- 
ing. 

In the continuous cracking process, cold 
gas-oil feed from tankage is preheated by 
heat exchange with hot oil streams and by a 
fired pipe-still heater. The partially vapor- 
ized oil then picks up hot catalyst of low 
coke content from the regenerator. The 
heat of the catalyst completes the vaporiza- 
tion of the feed and also supplies heat for 
the vapor-phase reaction. Vaporized prod- 
ucts pass overhead from the reactor to the 
fractionator, and coke-laden catalyst is con- 
tinuously withdrawn from the reactor 
through a steam stripper for removal of 
hydrocarbons. This spent catalyst is picked 
up by an air stream and carried back to the 
regenerator, where the coke deposit is re- 
moved by burning. Entrained catalyst is 
separated from the exit-gas streams by 
means of multistage cyclone separators in 
the reactor and regenerator vessels. 

Slurry oil, which is the bottom fraction 
from the reactor products, is totally recycled 
to the reactor feed line. In addition, heavy 
gas oil is recycled to the unit to the extent 
of 10 to 15 vol. % of the fresh feed. As 
metals. have been found in both the slurry 
and the heavy gas oil, it is probable that 
recycling results in greater catalyst con- 
tamination per pound of metal in the fresh 
feed than would be the case with single-pass 
operation, 

“Natural” catalyst, an  acid-activated 
Montmorillonite clay, (4, 7) was used 
throughout the period of operation dealt 
with herein. All data and conclusions pre- 
sented are necessarily restricted to this type 
of catalyst. 
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Cracking Feeds 


The fresh feed to catalytic cracking is a 
mixture of all refinery virgin and coke-still 
gas-oil streams from predominantly Mid- 
Continent crude oil, roughly 20% being 
high-sulfur crudes of Wyoming and West- 
Texas origin. Approximately 90% of the 
feed is clean, low-metals gas oil, while the 
remainder is the high-metals heavy gas oil 
currently available. The three marginal 
heavy gas oils were blended with clean gas 
oil to provide three feeds, designated A, B, 
and C and used in sequence over the 2-year 
period. The three marginal gas oils were 
of the same origin and boiling range and 
differed only in their metals contents. 


Spectrographic analyses were run on 
ashed samples of the feed and on samples 
of the catalyst for calcium, copper, iron, 
lead, magnesium, manganese, nickel, 
sodium, titanium, and vanadium. Com- 
parison of the amount of each metal in 
the feed with the rate of pick-up of 
each metal by the catalyst indicated that 
a correlation between metal content in 
the feed and catalyst contamination was 
possible only in the cases of nickel and 
vanadium. These two metals have, 
therefore, been assumed to be the key 
to the catalyst contamination experi- 
enced. The analytical data given in 
Table 1 show that the three feeds contain 
relatively large amounts of nickel and 
vanadium, as compared with the clean 
gas oil comprising the major portion of 
each feed. In subsequent cracking oper- 
ations with feeds A and B, metals bal- 
ances indicated that approximately half 
of the total vanadium and nickel in the 
feeds was accumulated on the catalyst. 
This effect is illustrated in Figure 2, 
where the pick-up of metals on the cata- 
lyst is plotted against the metals input 
from the feed. 


Carbon Factor and the Indiana 
Relative Activity Test 

Before presenting the selectivity ef- 
fects observed on the commercial unit 
with the three feeds described above, it 
is necessary to define the criterion of 
catalyst selectivity employed. Because 
the operating conditions of the unit, as 
well as the inherent properties of the 
catalyst, will have a pronounced effect 


Vol. 48, No. 7 


upon the relative yield of gasoline, a 
standardized laboratory test has been 
used to indicate the selectivity of the 
catalyst. Coke-producing factor (or 
carbon factor), as obtained in the 
laboratory by the Indiana relative- 
activity testing procedure, was the index 
of selectivity used. 

The Indiana relative-activity test is 
described fully by Shankland and 
Schmitkons (6). Briefly, the laboratory 
procedure employs a 1-hr. cracking run, 
downflow through a nonfluidized bed of 
the powdered catalyst sample, with 
cracking condifions constant. Carbon 
factor is defined as the ratio of the 
carbon yield on the catalyst sample as 
tested to that on a reference catalyst at 
the same conversion. Carbon factor, as 
used hereafter, refers to this laboratory 
test rather than to plant coke yield, al- 
though, as will be seen later, carbon 
factors correlate well with plant yields. 


Effects of the Various Feeds upon 
Carbon Factor. With carbon factor 
as a measure of the inherent selectivity 
of the catalyst in the commercial unit, 
Figure 3 demonstrates the observed 
effects of the three different feed stocks. 
At the start-up on the first catalyst 
batch, feed d—the feed with the highest 
metals content—was charged to the unit. 
Throughout the period of the data, cata- 
lyst was added as make-up to offset 
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TABLE 1.—APPROXIMATE METALS 
TENT OF CRACKING FEEDS 


Clean 


gasoil Feed A Feed B Feed OC 
Metals, p.p.m. 
Nickel ... <0.05 0.35 0.40 0.20 
Vanadium. 0.06 1.10 0.50 0.45 
Total ..<0.11 145 0.90 0.65 


normal catalyst losses, but there was no 
intentional catalyst discard. As will be 
noted, carbon factor rose rapidly and 
continued to rise until after feed B was 
introduced. For a short period after the 
lower metals feed B was started to the 
unit, carbon factor continued to rise to 
a value of 3.5 and then dropped sharply 
to 2.4. With continued operation on 
feed B, carbon factor began a second 
but more gradual rise. After a total of 
360 days on stream and with a carbon 
factor of 2.9, the first catalyst batch was 
dumped and replaced with a fresh charge 
having a 1.0 carbon factor. As feed B 
was continued on this fresh catalyst 
charge, contamination was still observed. 
The rise in carbon factor, however, was 
at a decidedly lower rate than on the 
initial catalyst with feed 4. Finally, feed 
C was started to the unit. Again there 
was a lag followed by a sharp drop in 
carbon factor. Limited availability of 
feed C forced the discontinuance of the 
study at this point. 


Effects of Carbon Factor upon 
Gasoline Yield. Thus far, the histori- 
cal behavior of the catalyst exposed to 
the three feeds has been sketched. Of 
interest to the refiner, however, are data 
showing the effects of selectivity deter- 
ioration upon commercial gasoline yields. 
Uniform operating procedures at the 
cracking unit and constant routing of re- 
finery streams during the period studied 
provided a consistent basis for preparing 
generalized yield correlations from more 
than 150 sets of data available. In the 
basic correlation work, carbon factor 
was used as a parameter. For this pre- 
sentation, the independent effects of 
carbon factor have been isolated in a 
cross-plot (see Figure 4). 
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Fig. 3. Catalyst carbon factor vs. days on stream. 
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The upper curve in Figure 4 shows 
the effect of carbon factor upon gaso- 
line yield, with the yield expressed as 
volume per cent on feed disappearance 
(total feed minus total cracked gas-oil 
product). Gasoline yield dropped from 
93% to 82% on feed disappearance as 
carbon factor rose from 1.0 to 3.0. By- 
product fuel increased by a correspond- 
ing amount, the increase being approxi- 
mately equally shared by coke and fuel 
gas. 

Two effects of carbon factor upon 
gasoline quality are also shown in 
Figure 4. The research octane number 
(1) of the total gasoline increased a 
little more than one un:t over the carbon- 
factor range. Similarly, the Reid vapor 
pressure (2) of total gasoline increased 
about two pounds. The octane and 
vapor-pressure effects of carbon factor 
are economic factors to the refiner. The 
number of catalytic gasoline 
affects requirements for tetraethy] lead, 
and changes in gasoline vapor pressure 
necessitate adjustments in the process- 
ing of refinery butane. 

The data of Figure 4 made it possible 
to evaluate economically the deteriora- 
tion of the commercial yield structure in 
terms of catalyst carbon factor. With 
this evaluation available, the other item 
necessary for a complete economic 
analysis of the selectivity problem was 


octane 


a method of predicting catalyst carbon 
factors for the various feeds that would 
take into account the carbon-factor con- 
trol permitted by intentional catalyst 
discard. 


Prediction of Catalyst Require- 
ments for Carbon-Factor Control. 
The conclusions presented thus far have 
followed directly from the plant data. 
However, the prediction of catalyst car- 
bon factor, taking into account the con- 
trol afforded by increases in addition 
rate above those of the plant data, re- 
quires a theoretical correlation basis. 
The method developed for ‘this predic- 
tion is based upon the concept of aver- 
age catalyst age, initially developed for 
use in catalyst-activity studies. If 
catalyst age is defined as the on-stream 
time that a given ton of catalyst has 
been in the unit, an average catalyst age 
for the entire inventory can be calcu- 
lated. Selectivity deterioration for a 
given rate of metals input can then be 
considered a function of catalyst age. 
In the present calculation of average 
catalyst age, fresh-catalyst additions 
were corrected to eliminate the “fines” 
that would promptly be lost from the 
unit, but no attempt was made to rectify 
the small error introduced by assuming 
that the additional fines developed in the 
unit (and similarly lost) were of the 
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same age as the average catalyst. 

When replotted on the basis of aver- 
age catalyst age, as shown in Figure 5, 
the carbon-factor data of Figure 3 serve 
as a basis for estimating contamination 
curves for the three feeds employed. A 
contamination curve for a given feed 
defines the relationship between carbon 
factor and average catalyst age that 
would obtain if the feed were cracked 
over a catalyst that was initially at 1.0 
carbon factor. For a contaminant-free 
feed, it is assumed that the curve would 
be a straight line at 1.0 carbon factor. 
For feed A, the curve was based upon 
the data from the first batch of catalyst. 
This catalyst actually had a carbon fac- 
tor of 1.14 at the start of the investiga- 
tion; therefore, the contamination curve 
for feed A was placed slightly below the 
points in order that the curve might go 
through the origin, as demanded by defi- 
nition. The early points on the second 
batch of catalyst formed the lower por- 
tion of the feed-B curve, while the final 
portion of the data on the first catalyst 
batch served as a guide in extrapolating 
to higher values. The final points of 
the upper curve thus represents the 
upper limit of carbon factor that would 
have been obtained if feed B had been 
cracked over a fresh batch of catalyst 
all the way to the same catalyst age. 
Actual data on feed C were meager; 
however, the line shown is believed to 
be a fair approximation, considering the 
pattern previously established and con- 
sidering the comparative metals content 
of the three feeds. 

The foregoing interpretation of selec- 
tivity data is based upon the fact that 
poisoning metals can exist on the cata- 
lyst in an active or inert state. Metals 
content of the catalyst, alone, is not an 
indication of carbon factor. For exam- 
ple, after feed B was substituted for 
feed 4, the actual metals content of the 
catalyst (nickel and vanadium) contin- 
ued to increase. Carbon factor continued 
to rise for a brief period and then fell. 
Rates of metals activation and deactiva- 
tion, as well as the rate of deposition, 
are believed to be factors contributing 
to the instantaneous selectivity of the 
catalyst. The preceding extrapolations 
were made according to this theory and 
assume that, for a given feed, carbon 
factor at infinite catalyst age will be the 
same for any catalyst regardless of its 
previous metals history. 

The relationships established in Fig- 
ure 5 were used to predict the catalyst 
requirements for control of carbon fac- 
tor. Although these contamination 
curves are based upon data obtained 
while catalyst age was increasing, it 
was assumed that the curves would re- 
main valid if the catalyst age were held 
constant at some lower equilibrium value 
by increasing the addition rate above 
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make-up requirements. It was also 
assumed that a secondary effect of 
activity upon carbon factor, associated 
with the increased addition rate, would 
be small and could be neglected. With 
these assumptions, it was possible to 
arrive at the catalyst requirements for 
selectivity control as a function of equi- 
librium carbon factor. 

The curves in Figure 6 present the 
predictions of make-up catalyst require- 
ments for the three feeds. The catalyst 
additions are on a fines-free basis and 
are expressed as tons per thousand bar- 
rels of fresh feed, rather than per pound 
of metal. It is not felt that available 
data warrant a generalized relationship 
on the latter basis. However, it is of 
interest to note that for feeds A and B, 
an average of 2.4 tons of catalyst (fines- 
free) per pound of nickel plus vanadium 
in the feed were required to hold a 1.2 
carbon factor. 


Optimum Operation 

Figures 4 and 6 enabled the Sugar 
Creek refinery to arrive at optimum 
operation of the catalytic cracking unit 
from the selectivity standpoint. Figure 4 
presents the gasoline-yield structure 
associated with any carbon factor, and 
Figure 6 shows the catalyst required to 
operate at any carbon factor for each 
feed. 

The determination of optimum opera- 
tion for each feed required only an 
economic balance between catalyst costs 
to maintain a low carbon factor and the 
yield penalty that is incurred if carbon 
factor rises. An evaluation of the rela- 
tive economics in sending the three 
different feeds to the catalytic cracking 
unit was possible by a comparison of 
the optimum points of operation for 
each. This economic evaluation revealed 
the magnitude of the incentive for re- 
ducing the metals content of cracking 
feeds through other refinery processes. 
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Discussion 


G. P. Masologites (Atlantic Refin- 
ing Co., Philadelphia, Pa.) : What other 
factors were taken into consideration ? 
For example, steam partial pressure, 
temperature, metals other than those 
shown—have you looked into these? 

B. J. Duffy: A possible effect of 
steam partial pressure upon catalyst 
selectivity was considered, but it was 
found that it was not possible to control 
carbon factor by increasing steam rates 
to any reasonable value. At all times 
the total of the reactor-stripping steam 
plus the hydration steam to the standpipe 
hoppers in the regenerator was main- 
tained above 20 Ib./ton of circulating 
catalyst. Values as high as 49 Ib./ton 
failed to check the rise in carbon factor 
when operating on feed A. After opera- 
tion on feed B had commenced, the 
steaming rate was increased from about 
20 to 40 Ib./ton of circulating catalyst. 
On this occasion there was a slight drop 
in carbon factor from 2.65 to 2.33, but 
as soon as the steam rate was returned 
to 20 lb./ton, the carbon factor rose 
quickly again to 2.65. These experiences 
led to the conclusion that the contamina- 
tion was of such a nature that it could 
not be prevented by steaming. The only 
other variable over the period of the 
data was the metals content of the feed, 
and the response of carbon factor to the 
metals content was convincing evidence 
that the metals were responsible. 

G. P. Masologites: It is hard 
to believe that iron did not come into 
the picture to at least the extent that 
vanadium and the other metals did. 

B. J. Duffy: We cannot say definitely 
that iron has not been a factor in the 
catalyst contamination, but the spectro- 
graphic data on the catalyst indicate 
that it has not. The data show that iron 
on the catalyst in the unit was decreas- 
ing throughout the period of the rise in 
carbon factor. The only metals that 
an increase in metals corre- 
sponding to the rise in carbon factor 
were nickel and vanadium. 


showed 


G. P. Masologites: Approximately 
what catalyst-addition rates in tons per 


day were maintained throughout the 
tests ? 

B. J. Duffy: Addition rates decreased 
throughout each run. On a fresh cata- 
lyst charge, addition rate was about 5 
tons per day. Over a period of a year, 
the addition rate would decrease to about 
¥% ton per day. Incidentally, the unit is 
operating considerably below coke-burn- 
ing capacity—accounting for the very 
low catalyst loss. 

R. P. Trainer (Shell Oil Co., Wood 
River, Ill.) : I'd like to ask if the slurry- 
recycle rates were varied during this 
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study and whether you were able to 
show what effect the variation of slurry 
would have on the metallic buildup on 
the catalyst. 

B. J. Duffy: Slurry recycle was con- 
stant over the entire period at about 
8 vol. % on fresh feed. For this reason 
we have no basis for predicting the effect 
of slurry recycle upon metals buildup. 

R. P. Trainer: Did you determine 
the metallic content of the slurry ? 

B. J. Duffy: The presence of con- 
taminating metals in both the slurry and 
heavy-gas-oil-recycle streams was con- 
firmed by spectrographic analyses. How- 
ever, because recycle was constant 
throughout, data are not available that 
would enable a prediction of how much 
of the contamination is due to recycling. 
We can only offer the opinion that there 
is some increase in metals pickup by the 
catalyst with recycling. 

R. P. Trainer: How many stages of 
cyclones did you have in your reactor? 

B. J. Duffy: There are two cyclones 
in series in each of four parallel sets. 

H. E. Rasmussen (Socony Vacuum 
Laboratories, Paulsboro, N. J.): You 
show roughly 50% of your metals going 
into the catalyst. What is your theory 
as to what happened to the other 50% 
in the feed stock? 

8B. J. Duffy: First, I should like to 
comment on the metals data of Figure 2 
that show roughly 50°% of the metals 
being picked up by the catalyst. Possi- 
bly this figure should be considerably 
lower. The spectrographic analyses on 
oil were run on ashed samples, and there 
is a good possibility that there was 
volatilization of some of the metals dur- 
ing ashing. Standardized techniques 
may account for the fairly nice correla- 
tion obtained. More recent work indi- 
cates that possibly the oil analyses may 
be low by a factor of 3 to 5. The pickup 
of metals by the catalyst could be as low 
as 10% of the input. 

H. E. Rasmussen: In that case, what 
happens to the 90% ? 

B. J. Duffy: Our data have shown 
metals in the gas oil leaving the unit, 
but we have not had much success in 
completing balances for metals. We 
should be interested in the experience of 
others in this regard. 

H. E. Rasmussen: It is very pos- 
sible that a good part comes out with 
the flue gases during regeneration, al- 
though I can’t substantiate that in any 
way. Have you any correlation between 
synthetic and natural catalyst? Is one 
better than the other ? 

B. J. Duffy: We have recently started 
operating on synthetic catalyst but have 
not as yet developed any data of this 
nature on the synthetic catalyst. 
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W. C. Offutt (Gulf Research & De- 
velopment Co., Pittsburgh, Pa.): Since 
carbon factor was reduced by the use of 
hydration steam, I think that the metals 
analysis on the feed during this period 
might be pertinent. If the metal content 
of this feed was comparable to that of 
feed A, for example, it would indi- 
cate that the carbon-factor 
as a result of feed A was due to sulfur 
poisoning and could also have been com- 
batted with hydration steam. 

B. J. Duffy: Sulfur poisoning, in the 
ordinary sense, was not the cause of the 
contamination experienced, but there 
may have been a secondary effect of 
sulfur upon the poisoning by metals. 
Sulfur content in the charge was con- 
stant at 0.5 to 0.7% throughout the 
period of the data. No correlation was 
found between the carbon-factor behav- 
ior and sulfur content of the feed. 
Further, although the data are not in- 
cluded in the paper, the initial catalyst 
batch was used material that had been 
sulfur-poisoned. Hydration steam to the 
standpipe hoppers in the regenerator 
quickly brought the carbon factor on this 
batch down from 1.7 to 1.1. Subsequent 
to this, carbon factor began its rise due 
to metals contamination, and steaming at 
high rates was of no benefit in checking 
the rise. 

When we consider that steaming did 
have a slight beneficial effect upon car- 
bon factor when operating on feed B, a 
tie-in between sulfur and metals poison- 
ing is indicated. We do not think that 
the steam was removing metals from the 
catalyst during this period. Metals con- 
tent of the catalyst, alone, is not an 
indication of carbon factor. All data 
point to the conclusion that the poisoning 
metals can exist on the catalyst in an 
active or inert state. For example, after 
feed B was substituted for feed A, the 
actual metals content of the catalyst 
(nickel and vanadium) continued to in- 
crease, but carbon factor fell. A rate of 
metals activation and deactivation as 
well as the rate of deposition could all 
be factors contributing to the instantan- 
eous selectivity of the catalyst. Sulfur 
and steam rates and possibly tempera- 
ture could all have an influence on the 
activation and/or deactivation rates. 
Phenomena of this type could explain 
the behavior observed on feed B. On 
feed A, the contamination rate may have 
been so great that it prevented the de- 
tection of a similar effect with the steam 
rates in use. It is only in this possible 
secondary sense that sulfur could be 
considered as contributing to the selec- 
tivity deterioration encountered. 


increase 


(Presented at A.J.Ch.E. Kansas City 
(Mo.) Meeting.) 
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C ONTINUOUS and efficient pro- 
duction of synthetic ammonia de- 
mands that the synthesis gas mixture be 
essentially free of carbon oxides, sulfur- 
containing compounds, and water vapor, 
all of which are usually present in the 
raw gas supply. The purpose of this 
paper is to explain the commercial proc- 
esses for purification and to describe 
typical equipment installations 

Modern techniques for purification of 
ammonia synthesis gas are quite diverse 
and process design is generally dictated 
by the demands of the synthesis and type 
of hydrogen gas production employed, 
the latter of more significance. Gas for 
ammonia synthesis is produced commer- 
cially by: (1) Water gas from coke and 
steam, (2) Reforming of natural gas 
with steam, (3) Electrolytic decomposi- 
tion of water, and (4) Miscellaneous 
by-product sources. 

Problems of gas purification are neg- 
ligible in the electrolytic type of gas 
production. 

In the natural gas and coke processes, 
it is inherent that production of hydro- 
gen is accompanied by production of 
carbon oxides which must be extracted 
prior to synthesis of the nitrogen and 
hydrogen to ammonia. The poisonous 
action of carbon oxides on conventional 
ammonia synthesis catalysts and the pos- 
sible formation of ammonium carbam- 
ates and carbonates in lines and equip- 
ment demand that purification be de- 
pendable and adequate. 

The water-gas shift is used almost 
universally to convert the bulk of carbon 
monoxide with steam to carbon dioxide 
and hydrogen, the reaction being cata- 
lytically promoted by iron oxide and al- 
kaline earth oxides. In general, this 
process step is best effected by passing 
the gases over the catalyst in the tem- 
perature range of 350-500°C. with 
steam adjusted for optimum conversion, 
and at space velocities generally of the 
order of 300-600 reciprocal hours. There 
is variation in equipment design and the 

reaction itself has variables, the study of 
which is outside the scope of this paper. 
In all cases, however, it is desirable to 
promote this reaction to the maximum 
possible extent for the reasons that each 
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PURIFICATION OF AMMONIA 
SYNTHESIS GAS 
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mole of carbon monoxide reacting with 
steam produces a mole of usable hydro- 
gen and a mole of carbon dioxide, and 
carbon dioxide is extracted at lower cost 
and more simply than is carbon mon- 
oxide. Typical analyses of synthesis gas 
prepared from coke and natural gas are 
shown in Table 1. 

The removal of sulfur-bearing com- 
pounds from synthesis gas is effected by 
various means. Generally, hydrogen 
sulfide and mercaptans are believed to 
poison permanently the nickel containing 
catalysts used in reforming hydrocarbon 
gases to hydrogen and carbon oxides, 
and are therefore removed from the 
hydrocarbon upstream of the reformer. 
Catalytic conversion of the mercaptan 
to hydrogen sulfide followed by caustic 
absorption typifies this operation. Re- 
moval of hydrogen sulfide from gas pro- 
duced in steam-coke plants can be, and 
generally is, effected in the same equip- 
ment used for carbon dioxide and carbon 
monoxide removal. Complete elimina- 
tion of this constituent is incidental to 
carbon monoxide removal in the copper 


ammonium formate or acetate purifica- 
tion operation featured in many plants. 
In Figure 1(A), generally typical of 
low-pressure syntheses, the impure gas 
is compressed and at a selected inter- 
stage pressure, usually 250 to 400 Ib./ 
sq.in. gage, is passed through either a 
water or alkylamine solution absorption 
tower for removal of carbon dioxideJ 
Some carbon dioxide, approximately 
0.5-1.0%, remains in the gas stream for} 
removal at a later step. The gas th 
is compressed further and passe 
through two absorbers in series to req 
move the carbon monoxide with a re@ 
frigerated copper ammonium 
solution and to remove the carbon diox 


TABLE 1 TYPICAL SYNTHESIS GAS 
ANALYSES AFTER CARBON MON- 
OXIDE CONVERSION 


Source Coke Natural Gag 

(analysis) (vol. %) (vol. 
Hydrogen .. 51.0 60.0 
Nitrogen .... «+ 165 20.0 
Carbon Dioxide ee 28.0 16.0 
Carbon Monoxide 3.5 3.56 

Methane + Argon 5 5 @ 
Hlydrogen Sulfide 4 
Total ...... «+++ 100.0 100.0 
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Fig. 1. 


ide with a caustic solution. The puri- 
fied gas is then compressed to final 

ynthesis pressure, residual carbon ox- 
Sides content being in the order of 25-50 
p.p.m. 

In Figure 1(B), generally typical of 
igh-pressure syntheses, the synthesis 
as is compressed first to 400-500 Ib. /sq. 

gage and passed through two absorb- 
rs in series for removal of carbon diox- 
le, the first absorber using water and 
1e second a caustic solution. The gas 
tream then is compressed to final syn- 

esis pressure and passed through a 
1ard or “purifier” converter containing 
atalyst, with the residual carbon mon- 
xide being converted with hydrogen to 
ethane and water. The methane is an 
ert constituent and does not poison the 
talyst, but it must be removed either 

its dissolution in ammonia liquid 
oduct or by purge since its build-up 
the synthesis cycle prohibitively re- 
ces effective pressure of the reactants. 


_ Carbon Dioxide Removal with 
Water 


From a practical and economical 
standpoint, carbon dioxide cannot be re- 
moved from mixed gases at atmospheric 
pressure, and from a study of the ab- 
sorption of carbon dioxide in water at 
various pressures and temperatures, it is 
readily apparent that absorption by 
water is not adequate below 200 Ib./ 
sq.in. gage. 

The commonly employed means of 
carbon dioxide removal, namely, absorp- 
tion in water, is illustrated in some de- 
tail in Figure 2; equipment comprises 
an absorption tower, a water-separator 
for the purified gases, a water circulat- 
ing pump, a power-recovery turbine and 
energy-absorption valve, and a water- 
degasifying tower. 


bapaiog typical flow conditions on Fig- 
ure 2, 5000 std.cu.ft./min. of reformed gas 
enters the absorber unit at 250-275 Ib. sq.in 
gage in counterflow to 4000 gal./min. of 


Gas flow through typical purification systems. 
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TABLE 2.—TYPICAL ANALYSES OF GAS 
RELEASED FROM WATER ABSORPTION 
OPERATIONS 


Source 
(analysis) 


Coke 
(vol. %) 


Natural Gas 
(vol. %) 


Hydrogen 
Nitrogen 

Carbon Dioxide 
Carben Monoxide 
Methane . 
Hydrogen Sulfide 


Total 100.0 


water which has been deaerated and cooled. 
Under average operating conditions, the gas 
leaving the absorber contains 0.5% to 0.8% 
residual carbon dioxide (removed at a sub- 
sequent process step). The water is recir- 
culated in a closed system except for a 
modest make-up of evaporation and me- 
chanical loss, and lends itself, therefore, to 
chemical treatment for corrosion and algae 
control. The water leaving the bottom of 
the absorber, almost saturated with carbon 
dioxide, can be let down and immediately 
directed over the degasifier tower; how- 
ever, normal operation provides for recov- 
ery of energy from the water by directing 
it to an undershot Pelton power-recovery 
turbine gear and shaft connected to 
the pump serving the absorber. This re- 
duces the load on the motor drive by ap- 
proximately one third. A motor-driven 
valve regulates the flow of water from the 
absorber to the Pelton wheel while main- 
taining a seal in the bottom of the absorber. 
This valve can be operated either auto- 
matically from a level-control unit on the 
absorber or by a remote manual switch. 


Equipment design is not unusual ex- 
cept that in some plants absorbers are 
as large as 8 ft. in diam. and are packed 
with Raschig rings. While it is excep- 
tional that bubble trays are not used in 
a column of such cross-sectional area, it 
is to be noted that absorbent flow rate 
is uncommonly high, and no evident 
channeling is encountered. 

The continuous degasification and 
cooling of the water absorbent operates 
without undue attention and requires 
little maintenance. Several modifications 
of the water-absorption system are prac- 
ticed commercially as dictated by local 
requirements. 

There are many modifications in the 
equipment used for degasifying the 
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Fig. 2. Carbon dioxide removal with water absorption. 


water from the water-absorption tower, 
some plants being designed to recover 
valuable constituents of the released gas. 
Besides carbon dioxide, considerable 
quantities of hydrogen and nitrogen as 
shown in Table 2 are released due to 
their substantial solubility in water at 
the pressures employed for this opera- 
tion. The usual scheme for recovering 
the release gases is to pass the water to 
an intermediate release tank operating 
at 15 to 40 Ib./sq.in. gage. In this 
vessel a major portion of the hydrogen 
may be recovered along with other 
gases. The release gas may have value 
only as a low B.t.u. fuel if plant design 
has not anticipated recycle. 


Carbon Dioxide Removal with 
Alkylamines 


The absorption of carbon dioxide in 
alkylamines, such as is typified in the 
Girbotol process, is not particularly re- 
stricted as to working pressure, although 
this process is accompanied by prohibi- 
tively high losses of the absorbent if 
attempted at atmospheric or low-pres- 
sure conditions. Most commercial plants 
employ pressures from 10 Ib./sq.in. gage 
upward, and often at more than 200 Ib./ 
sq.in. gage, to reduce equipment size. In 
the case of the Jayhawk Works (Spen- 
cer Chemical Co.), where both alkyl- 
amine and water absorption are em- 
ployed, the alkylamine absorption has 
replaced three originally installed water 
absorption units, primarily to furnish 
high purity carbon dioxide for dry ice 
and methanol processes. As a 
quence, it is designed to operate at 250 
Ib. /sq.in. gage in order to fit in with and 
utilize existing equipment. 


conse- 


A typical solution used to absorb the 
carbon dioxide is a 15-20% aqueous solu- 
tion of monoethanolamine. One mole of 
alkylamine combining with one mole of 
carbon dioxide and water forms the amine 
carbonate, and can react further with a 
mole of carbon dioxide and water, to form 
the amine bicarbonate in the same way as 
do other alkaline solutions. Carbon dioxide 
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may be released then by heating, since the 
alkylamine loses its capacity for acid gas 
combination at moderately elevated temper- 
atures. In actual practice, the amine solu- 
tion is neither completely reacted to the 
bicarbonate in the absorption step, nor is it 
completely stripped down to the amine in 
the reactivation step. A typical dynamic 
operating condition is: 1.5 std.cu.ft. of car- 
bon dioxide/gal. of lean 20% monoethanol- 
amine solution from the reactivator and 6.0 
std.cu.ft. of carbon dioxide/gal. of lean 20% 
monoethanolamine solution from the ab- 
sorber, the net capacity then being 4.5 cu-ft./ 
min. of carbon dioxide per gallon per 
minute of solution pumped. 

The equipment required for amine ab- 
sorption is shown schematically in Figure 3, 
consisting of an absorption tower, a reacti- 
vator tower, solution coolers, circulating 
pumps, separators for the purified gas and 
carbon dioxide gas streams, and an amine 
solution clean-up still. Should a high purity 
carbon dioxide be desired, some additional 
equipment is required since there is a min- 
ute amount of alkylamine residue in the 
regenerated carbon dioxide and if hydrogen 
sulfide has been a component of the gas 
purified, it will appear in the carbon dioxide 
stream from the regenerator 

Imposing typical flow conditions on Fig- 
ure 3, 15,000 std.cu.ft./min. of synthesis gas 
enters the absorber at 250 Ib./sq.in. gage in 
counterflow to 500 gal./min. of monoethan- 
olamine solution which has been reactivated 
and cooled. The purified gas returns to 
further compression after passing through a 
separator for removal of entrained amine 
solution. The rich solution from the bot- 
tom of the tower flows through heat ex- 
changers, being heated by the hot solution 
leaving the reactivator, and is let down 
through a valve to 40 Ib./sq.in. gage for 
feed to the reactivator or stripping column 
Steam to the reboiler of the reactivator 
strips out the carbon dioxide which is re- 
moved from the top of the column after 
passing a water condenser, a water cooler, 
and separator, with the condenser so de- 
signed as to reflux the column and main- 
tain the water-content constant. The lean 
solution from the bottom of the reactivator 
flows first through heat exchangers, being 
cooled by the rich solution, and is let down 
to a solution surge tank. From this tank 
the lean solution is pumped through water 
coolers and then through a flow control 
valve to the absorber to complete the cycle. 


Considerable information has been 
published concerning the operating and 
maintenance problems encountered in 
amine absorption systems. Generally, 
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Fig. 3. Carbon dioxide removal with amine absorption. 


however, operation can be maintained 
quite easily by the proper control of 
temperatures, pressures and solution 
purity, giving a residual synthesis gas 
leaving the absorber of 0.2 to 0.5% 
carbon dioxide content. During contin- 
ued operation, there is some deteriora- 
tion of the amine solution together with 
vapor losses from the absorber which 
must be replaced. Solution purity and 
pH are maintained by removing a side 
stream of the lean solution from the 
system and passing it through a small 
vacuum still unit, often with addition of 
caustic, removing the bottoms product 
from the system and returning the over- 
head to the solution surge tank. 


Carbon Monoxide Removal with 
Copper Ammonium Formate 


Removal of carbon monoxide from 
gas streams by absorption with a copper 
ammonium formate solution involves a 
number of chemical reactions the me- 
chanisms of which are not definitely 
established and therefore, will be dis- 
cussed on the basis of empirical data. 
In the absorption step a complex mole- 
cule of carbon monoxide and cuprous 
ammonium formate is formed, which 
upon heating is dissociated and releases 
the carbon monoxide. This complex 
molecule is 100% associated at —2° C. 
and 760 mm. partial pressure of carbon 
monoxide when four moles or more of 
free ammonia pet mole of cuprous ion 
are present. Under ideal conditions, one 
mole of cuprous ammonium formate, 
lactate, acetate, carbonate, etc., will 
absorb one mole of carbon monoxide for 
each equivalent of cuprous ion in solu- 
tion. On a plant scale this somewhat 
theoretical figure is never attainable, 
with practical experience showing that 
70% of the theoretical capacity may be 
realized provided the liquor is kept at 
0 to 5°C., and the molecular balance 
maintained correctly. 


The major equipment for this operation 
is shown in Figure 4, consisting of a gas- 


PURIFIED 
GAS 


absorption tower, a solution-regeneration 
vessel, a caustic absorber, gas separator, 
and solution coolers and circulating pumps. 
Not shown but also required is the equip- 
ment for preparing the cuprous ammonium 
formate and caustic solution. vi 

Imposing on Figure 4 typical conditions, 
4000 std.cu.ft./min. of gas enters the first 
absorber at 1800 Ib./sq.in. gage in counter- 
flow to 75 gal./min. of cuprous ammonium 
formate solution which has been cooled to 
+5° C. From this absorber the gas stream 
is directed to, and passes upward through, 
a second absorber in counterflow with a 
circulated caustic or aqua ammonia solution. 
The gas then flows through a separator and 
is returned for further compression, the 
total carbon oxide content generally being 
less than 25 p.p.m. 

The copper solution leaving the bottom 
of the absorbing tower passes directly to 
the top of a trifunctional tower as shown 
in Figure 4 which serves to regenerate the 
rich liquor by (1) dissociation of the 
molecular complex and expulsion of the 
dissolved gases with heat, (2) controlled 
oxidation of the cuprous ton, _and (3) 
make-up and recovery of ammonia. Z 

The rich solution entering the top of the} 
regeneration tower passes down throught 
the packed reflux section where a large 
portion of the carbon monoxide is liberated 
from the liquor and released to the atmos4 
phere, the cool solution acting to reabsort# 
the ammonia released from a subseque of 
heating step. The solution then flow 
through an outside line to the heated a 
section where the liquor is intermediatel 
accumulated. Air is admitted into the bot 
tom section in the proper quantity to oxt 
dize some cuprous ion to cupric, the ide: 
ratio being approximately 1:5 to insure thaf 
no metallic copper will be precipitated fror 
solution in the absorber. Ammonia is adde 
also to the solution to make up for losses 
sustained at various points in the system 

The liquid head against the bottom reser4 
voir induces a steady flow of solution up4 
ward through the calandria tubes in the 
center or regenerator section. Overflowing) 
the tubes, the liquor has reached such @ 
temperature level that carbon monoxide and 
ammonia are released and with some nitro- 
gen pass upward through the top section 
packing meeting the downflowing c« solu- 
tion from the absorber. The stripped liquor 
passes then downward and thence upward 
through an annular section concentric to the 


calandria bundle and finally over a weir 
and through coolers, completing the cycle. 


Figure 5 shows in some detail the design 
of the reactivator. 


SEPARATOR FORMATE 
ABSORBER 


Fig. 4. Carbon monoxide removal with copper ammonium formate 
solution 
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Carbon Monoxide Removal by 
Methanation 


The removal of residual carbon mon- 
xide by catalytic conversion with hy- 
rogen to methane and water is prac- 
iced in most of the plants operating at 
igh synthesis pressures, that is, 12,000 
» 15,000 Ib./sq.in. gage. This type of 
urification is not commonly used in 
w-pressure synthesis plants, probably 
ue to the high purge imposed by high 
ethane in the synthesis cycle. There 
, of course, some loss of compressed 
ydrogen in this system; however, this 
offset by the simplicity and 

onomy of operation if the carbon 
monoxide has been reduced to low con- 
centration in the water-gas shift units. 


SS 1s 


The methanation step is generally carried 
out at synthesis pressure in a reactor which 
may be identical or similar in design to the 
ammonia converters. The reactor, or guard 
converter, is loaded with catalyst which 
may be the same as that used for ammonia 
synthesis, although lower activity catalyst 
can be used; as a matter of fact, spent syn- 
thesis catalyst is often employed. The re- 
actor is designed with internal heat ex- 
change and an arrangement for a by-pass 
around the heat exchanger such that tem- 
perature control of the strong exothermic 
reaction can be maintained in the range 
400-450° C. Immediately downstream of the 
methanation reactor there is provided a 
cooler-condenser and liquid separator for 
removal of the rather heterogeneous conden- 
sate mixture of water, methyl alcohol, 
methylamine, etc. It may be well to observe 
that ammonia synthesis catalyst will not 
tolerate substantial amounts of water vapor 
in the nitrogen-hydrogen mixture and it is 
equally important to remove both water 
vapor and the carbon oxides. 
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The comparative economics of carbon 
monoxide removal by the methanation 
vs. removal by copper ammonium for- 
mate are complex, but certainly costs 
are not greatly different. The methana- 
tion system requires less plant invest- 
ment and saves the cost of pumping and 
refrigeration which are inherent in the 
copper liquor system. As against this, 
the solution absorption system does not 
introduce inert constituents into the 
synthesis, thereby conserving expensive 
compressed reactant gases. No fair com- 
parison can be made since neither system 
would be satisfactory if substituted for 
the other, each having been developed 
for its particular conditions of opera- 
tion. 


Removal by Liquid Nitrogen Wash 
Carbon Monoxide, Methane, Argon, 


and Acetylene. A unique and efficient 
process for removing non-reactants and 
poisonous constituents from hydrogen, 
while simultaneously supplying a sub- 
stantial proportion of the nitrogen re- 
quired for ammonia synthesis, is em- 
ployed in some plants. It is used in 
one instance in conjunction with a true 


TABLE 3.—TYPICAL ANALYSES OF SYN. 
THESIS GAS IN COPPER AMMONIUM 
FORMATE UNIT N RAL 
GAS PLAN 


Feed Gas 
(vol. %) 


Source 
(analysis) 


Vent Gas 
(vol. %) 
Hydrogen 

Nitrogen 

Carbon Dioxide 

Carbon Monoxide .... 

Methane + Inerts .... 


hydrocarbon gas cracking wherein ele- 
mental carbon is produced as a_by- 
product. 


The hydrogen gas is directed through an 
absorber-type packed or plate column under 
several atmospheres pressure in contact 
with liquid nitrogen of high purity from an 
auxiliary air liquefaction plant. Under con- 
trolled conditions, the carbon monoxide, 
methane and argon are liquefied and purged 
from the bottom of the column with some 
remaining nitrogen liquid, while the hydro- 
gen together with evaporated nitrogen pass 
out the top, essentially free of undesirable 
constituents. Nitrogen gas is added at a 
downstream point in the system to maintain 
proper H./N¢- ratio for ammonia synthesis. 
The low content of inerts in this synthesis 
gas allows good catalyst life and gives high 
conversion to ammonia. 


Use of this purification scheme in 
conjunction with alternate methods of 
hydrogen production has been proposed 
but cannot be disclosed at this time. 


Discussion 


James De Lury (J. F. Pritchard & 
Co., Kansas City, Mo.) : Since you have 
had experience in the removal of carbon 
dioxide both by water scrubbing and 
amine treating, could you give us some 
comparative economics on those two 
processes ? 

W. W. Yeandle: That’s a controver- 
sial point. In our own plant we went to 
the amine type from the water-scrubber 
type because of the need for pure CO, 
both for dry ice and methanol manufac- 
ture. However, if a plant is properly 
set up on the basis of the Girbotol 
process and utilizes waste heat, which is 
normally lost, the economics may be 
equal to or possibly better than water 
scrubbing. In our own experience, we 
find perhaps a small advantage in water 
scrubbing costwise, but we find a com- 
pensating advantage processwise in us- 
ing the Girbotol method when pure CO, 
is required for other operations. 

John J. Dorsey, Jr. (Commercial 
Solvents Corp.): The same comment 
may apply to your experience with the 
low-pressure formate solution. Would 
you care to dwell a little more on the 
comparison of CO removal in low-pres- 
sure and high-pressure systems? 

W. W. Yeandle: We find no particu- 
lar penalty in operating at either pres- 
sure level. The cost of pumping is a 
little less at the low pressure. 

Max F. Mueller (J. T. Baker Chem- 
ical Co., Phillipsburg, N. J.): At what 
pressure does your water scrubber for 
removal operate ? 

W. W. Yeandle: Our removal at Jay- 
hawk is set at 250 lb.-gage and at our 
other operation at 400-lb. gage. Either 
one is satisfactory. 


(Presented at AI.Ch.E. Kansas City 
(Mo.) Meeting.) 
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HIGH-PRESSURE HYDROGENATION OF 
CRUDE SHALE OIL 


M. G. PELIPETZ, M. L. WOLFSON, H. GINSBERG, and E. L. CLARK 


Bureau of Mines, Bruceton, Pennsylvania 


Crude shale oil, obtained by the retorting of Colorado oil shale in a 
gas-flow retort, was hydrogenated over several solid catalysts in a con- 
tinuous high-pressure unit on a once-through basis. At 9000 Ib./sq.in. 
gage hydrogen pressure and at temperatures of 800° to 900° F., a product 
oil essentially free of sulfur and nitrogen and suitable for further process- 
ing by standard petroleum methods can be produced. Using tungsten 
or cobalt molybdate catalysts, 40 to 50 vol. % of the product oil obtained 
by hydrogenation can be utilized as high-quality diesel fuel (cetane 
ratings of 50 to 60). Depending on the type of catalyst used and the 
temperature of operation, hydrogen consumption varied from 2000 to 


2800 cu.ft./bbl. of shale-oil feed. 


URING the past three decades, the 

amount of energy derived from 
coal has remained practically the same 
while the energy produced through con- 
sumption of oil and natural gas has in- 
creased fivefold (9). This large in- 
crease in oil and natural-gas demand 
was met through the expansion of the 
petroleum industry. In spite of these 
efforts the United States has become a 
net importer of oil since 1948 (6). The 
investigation of additional domestic 
sources of liquid fuels is, therefore, a 
necessary safeguard to our future econ- 
omy, which continues to demand ever- 
increasing supplies of liquid and gaseous 
fuels. 

Oil shale appears to be the most pro- 
mising of the prospective materials suit- 
able for the production of synthetic 
liquid fuel. Preliminary calculations in- 
dicate that specified fuels production 
from shale oil can be achieved consider- 
ably more economically than from coal. 
Oil shale is found in 20 states and 


Additional tabulations, containing 16 
pages, are on file (Document 3624) with the 
American Documentation Institute, 1719 N 
Street Northwest, Washington 6, D. C. Ob- 
tainable by remitting $1.00 for microfilm 
and $2.40 for photoprints. 
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Alaska, but the Green River formation 
of Colorado, Utah, and Wyoming is 
considered the most important known 


deposit. It has been estimated that from 
a 1,000-sq.-mi. area of the oil-shale de- 
posits of Western Colorado approxi- 
mately 300 billion bbl. of crude shale 
oil can be recovered (9). 

Crude shale oil, as obtained by ther- 
mal retorting of oil shale, is a high- 
gravity somewhat asphaltic oil contain- 
ing approximately 2% nitrogen and 
about 0.7% sulfur. Without additiznal 
refining, crude shale oil meets the speci- 
fications for a residual fuel only. Prev- 
ious investigations with Colorado shale 
oil have indicated considerable improve- 
ment in oil quality by hydrogenation of 
both shale-oil-coker distillate at 1500 
Ib./sq.in. pressure (2) and crude shale 
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oil at 3000 to 4000 Ib./sq.in. pressure 
(4, 

The purpose of this study was to in- 
vestigate the conversion of crude shale 
oil by high-pressure hydrogenation at 
9000 Ib./sq.in. pressure over a_ solid 
catalyst to more valuable liquid fuels or 
to a material suitable for further proc- 
essing by petroleum refining methods. 
This conversion requires a sufficient re- 
duction in nitrogen content to permit the 
use of commercial cracking catalysts 
which are adversely affected by basic 
nitrogen compounds (5). 


Experimental Method 


Crude shale oil was hydrogenated in a 
bench-scale continuous unit. No recycling 
was done in any of the tests. A self-ex- 
planatory flow diagram of the unit is shown 
in Figure 1. The design and operation of 
this unit have been described in detail in a 
previous paper (10). The catalyst charge in 
all the tests was 100 cu.cm. of 6- to 8-mesh 
granules prepared by crushing and sieving 
the pelleted catalysts. Four catalysts were 
used, and several tests were conducted with 
each catalyst charge. The results reported 
represent the averages of the pertinent tests 


TABLE 2.—HYDROGENATION OF 


Test Mo. 


CRUDE SHALE 
SULFIDE CATALYST, PRESSURE 9,000 LB. 


All tests except tests 8 and 9 over tungsten 
sulfide catalyst (Table 2) were made at 
9000 Ib./sq.in. pressure. Following German 
practice, a hydrogen flow rate of 10.5 cu.ft. 


TABLE 1.— INSPECTIONS OF CRUDE 


SHALE-OIL FEED 


gravity © wer 
Pour potrt, °F 
Viecostty, 


O1L—100 CUCM. 
SQ.IN. 


TUNGSTEN 


Tempersture, °F. average 

Space Velocity, gm. Feed/o.c. cat./nr. 
Duration of Test, ore. 

ydrogen Consumption, 


ydrocarbon Gee Production, 


Liquid Product 

Pees 
Vol. B of Feed 
Specific Orevity 


Ultimate Analysis, Mm. 
Mtrogen 
Sulfur 
Hycrogen 
Cerbon 
atom Ratio H/C 


Gasoline Production (\0-396°), 
Vol. Feed 

Diesel Fuel Production ( 
Vol. Feed 


260-10 
20 


95-8 
105-3 Wied 
636 0.866 0.620 0.642 


0.38 
0.09 
13-43 
6.7 
1.68 


14-0 
2 


“These teste run af 1,000 Tig. 


TABLE 3 HYDROGENATION 


OF CRUDE SHALE 


OIL—100 CU.CM, TUNGSTEN-NICKEL 


SULFIDE CATALYST, PRESSURE 9,000 LB./S8Q.IN. GAGE 


oate/nre 


ne procuctic=, ft.3/ibl. 


feed/e. 


Sy drocer* 


Liquid product 


cifie gravity 
Ultimate ot. 
Mtrocen 
Sulfur 
Hyorogen 
Carbon 
Atom ratio 


Gasoline production wole 


Diesel-fuel production feed 


(measured at standard conditions ) /100 g. 
of oil feed was maintained in all the runs. 


Feed Stock. The feed stock was a 
filtered shale oil produced in a pilot plant 
gas-flow retort at the Bureau of Mines 
oil-shale demonstration plant at Rifle, Colo. 
The characteristics of the feed are summar- 
ized in Table 1. According to Bureau of 
Mines distillation data, the charging stock 
contained about 14 vol. of light distillate 
(392° to 592° F.) and 4d than 2 vol. % of 
392° F. E.P. gasoline. The 18° 
gravity, high | oa carbon of 
and almost 5% asphaltene (n-hexane in- 
soluble) content indicate that this crude 
oil would be difficult to refine. The 2% 
nitrogen content must be reduced before 
either a suitable synthetic petroleum crude 
or specification products can be produced. 


Catalysts. Four were tested: 

Tungsten sulfide,* I. Farben catalyst 
No. 5058, composed of 100% tungsten sul- 
fide; obtained from German stocks in 10- 
by 10-mm. cylindrical pellets 

and nickel *1.G. 
ben cataly No. 8376, composed of 27% 
tungsten a 8% nickel impregnated on 
alumina as sulfides; obtained from German 
stocks in 10- by 10-mm. cylindrical pellets. 

Cobalt molybdate on alumina, prepared 
according to the method of Byrnes et al. 
(1); supplied by the Union Oil Company 
as 6- by 6-mm. cylinders. This catalyst had 
been investigated at lower hydrogen pres- 
sures for shale-oil-coker distillate (3) and 
crude shale oil (5). 

Molybdenum, zinc, and chromium oxides 
on acid-treated diatomaceous earth, Ruhroel 
catalyst No. K-536. The analysis and 
typical operating characteristics of this 
catalyst have been reported previously (10). 

To reduce to sulfides any sulfite or sul- 
fates formed during the long storage 
period, catalysts containing tungsten (5058 
and 8376) were heated at 400° C. for 30 hr. 
in a stream of hydrogen plus hydrogen sul- 
fide (about 20H.: 1H.S) flowing at a rate 
of about 0.4 cu.ft. gas/(hr.) (125 cu.cm. of 
catalyst). 


Far- 


Tungsten Sulfide. The first catalyst 
used was tungsten sulfide (Table 2). For 
coal-hydrogenation oils the temperature 
range of operation recommended for this 
catalyst is 750° to 790° F. After several 
preliminary tests on shale oil it was found 
that at temperatures above 790° F. the rate 
of nitrogen elimination was increased. At 
825° F. and a space velocity of 1.0 g. of oil/ 
hr. (cu.cm. of catalyst), almost complete ni- 
trogen and sulfur removal was effected, and 
approximately 65 vol. % of the liquid prod- 
uct boiled below 660° F. Liquid volume re- 
covery under these conditions was over 
100%, and the hydrogen consumption was 
2210 cu.ft./bbl. of feed. This catalyst ap- 
peared to be quite durable even though the 
temperature of operation was higher than 
that normally used. Thus, test 7, after 432 
hr. of catalyst operation, gave results similar 
to those obtained in test 4, which was made 
after 168 hr. of catalyst operation. Drop- 
ping the pressure from 9,000 Ib./sq.in. gage 
to 4,000 Ib./sq.in. gage lowered the rates of 
nitrogen elimination and of reduction of 
molecular weight (compare tests 4 and 5 
with tests 8 and 9) 


Tungsten Nickel Sulfides. Four tests 
(Table 3) with supported tungsten nickel 
sulfides catalyst were made at 840° F. and 
one at 797° F. At a temperature of 840° F. 
and space velocity of 1.0 the elimination of 


* Additional information on preparation 
and operation with these I. G. Farben cata- 
lysts is available (3 and 7). 
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Fig. 2. Hydrogenation of crude shale oil, 
9,000 Ib. /sq.in. gage, spoce velocity 1.0. 


nitrogen was found satisfactory, while at a 
temperature of 797° F. about 0.5% of nitro- 
gen was found in the product oil. In gen- 
eral, the rate of nitrogen elimination was 
lower than that obtained with tungsten sul- 
fide, although the comparison was compli- 


cated by the unequal operating tempera- 
tures. Comparison of tests 1 and 5, both 
under similar conditions but at different 


catalyst age (test 1 was the initial test; 
test 5 was run after 240 hr. of operation), 
indicates some loss of hydrogenation and 
cracking activity. 


Cobalt Molybdate. The cobalt molyb- 
date catalyst was prepared for intermittent 
operating with air regeneration, and there- 
fore had good temperature stability. Oper- 
ating temperatures were 840°, 887°, and 
to increase the gasoline fraction in 
At 930° F. and a space ve- 


930° F. 
the product. 
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Fig. 3. Hydrogenation of crude shale oil, 
9,000 Ib./sq.in. gage, space velocity 1.0. 
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HYDROGENATION OF CRUDE SHALE OIL 
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locity of 1.0, more than 50 vol. % of the 
product boiled in the gasoline range. Rates 
of nitrogen and suliur elimination were 
satisfactory, but hydrocarbon-gas produc- 


tion and hydrogen consumption were high. 


Ruhroel K-536. Table 5 presents the 
data obtained with Ruhroel K-536 catalyst. 
In Germany this catalyst was used at 
930° F. for the conversion to gasoline of 
gas oils obtained by pitch hydrogenation. 
The tests with crude shale oil were made 
at 840°, 887°, and 930° F. The rate of 
nitrogen and sulfur removal and of reduc- 
tion in molecular weight increased with in- 
creasing temperatures. Both the nitrogen 
removal and cracking rates on this catalyst, 
however, were inferior to those on cobalt 
molybdate, as shown, for example, by com- 
parison of test 6 in Table 5 with test 3 
in Table 4 


Experimental Results 

To indicate the relative efficiency of 
the catalysts used, the results at a space 
velocity of 1.0 and at varying tempera- 
tures were compared. In Figure 2, the 
cent of feed stock converted 
hydrocarbons, gasolire, and 
idiesel fuel was plotted against tempera- 
ture. In Figure 3 the nitrogen content 
of the product in weight per cent and 
the atom ratios of hydrogen tc -arbon 
for the product oils were plotted against 
emperature. 


Figure 2 


weight per 
gaseous 


indicates that the tempera- 
ure coefficient of the rate of reduction 
in molecular weight and the selectivity 
f the cracking (1.¢., relative amounts of 
iesel oil, gasoline, and hydrocarbon 
ases) are approximately the same for 
ll of the four catalysts. When the tem- 
erature of operation was increased 
bove 840° F., production of gasoline 
nd gaseous hydrocarbons increased at 
he expense of diesel fuel. The original 
eed stock contained approximately 1.5 
yol. % of gasoline and 30 vol. % 
diesel fuel. 
} In Figure 3 the weight per cent of 
itrogen in the liquid product and the 
hydrogen-to-carbon atom ratio of this 
product are plotted against the tempera- 
ture for each catalyst. Data obtained 
with three of the catalysts could be 
represented satisfactorily by one curve, 
which however would not fit the data 
obtained with Ruhroel K-536 catalyst. 
The hydrogen-to-carbon atom ratio of 
the product may be considered a measure 
of the hydrogenation activity of the 
catalysts. Tungsten, tungsten nickel, and 
cobalt molybdate are active in hydro- 
genation of crude shale oil, while cata- 
lyst K-536 has good cracking activity 
but little saturation activity. 

The product oil in several of the tests 
was distilled, and the fraction boiling 
between 396° and 660° F. was examined 
to estimate its suitability as diesel fuel. 
The results are listed in Table 6. It 
appears that a high-quality diesel fuel 
can be obtained directly, without further 
processing, by the use of tungsten sul- 


of 
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fide, tungsten nickel sulfide, or cobalt 
molybdate catalysts. The tungsten sul- 
fide catalyst produces the best diesel 
fuel, an oil of low pour point as well 
as high cetane number. The dilute 
molybdenum, zinc, and chromium cata- 
lyst on fuller’s earth (K-536) produces 
a poorer quality diesel fuel, which, how- 
ever, is suitable for low-speed engines. 
As the temperature of operation for this 
catalyst is increased, the olefin content 
of the diesel fuel decreases, as is evident 
irom the lowered bromine number. At 
operating temperatures of 930° F., the 
decreased pour point and decreased hy- 
drogen-to-carbon atom ratio may be con- 
sidered as evidence of some increase in 
aromaticity. 

The gasoline fractions (boiling below 
396° F.) of several of the product oils 
were separated and examined (see Table 
7). In general, the octane ratings of the 
gasolines are below the standards for 
motor gasolines. The Ruhroel K-536 
catalyst seems best for gasoline produc- 
tion, but some additional processing 
would be necessary to obtain a suitable 
octane number. On the basis of the gum 
values, the cobalt molybdate catalyst 
produces the most stable gasolines. 


Comment and Conclusions 


Before any conclusions can be drawn 
from the data, their accuracy must be 
defined. Values for liquid products 
given in Tables 2 to 5 include only the 
material actually condensed by water 
cooling in the hydrogenation plant. The 
gaseous hydrocarbon yield includes bu- 
tanes and some heavier hydrocarbons. 
As a result, the gasoline fraction, which 
was obtained by distillation of the liquid 
product actually condensed to 396° F., 
represents a conservative estimate of the 
potential gasoline production. The omis- 
sion of the light hydrocarbons from the 
gasoline fraction would also result in a 
somewhat lower octane rating. 

In general, to obtain a product of low 
nitrogen content by hydrogenation of 
crude shale oil, an active hydrogenation 
catalyst and an operating temperature of 
825° F. were necessary. It did not ap- 
pear feasible to produce large amounts 
of high-quality gasoline directly from 
crude shale oil by a one-step hydrogena- 
tion. A high-quality diesel fuel was pre- 
pared by the use of several catalysts. 
Recycling all material boiling above the 
diesel-fuel range may make a complete 
conversion to diesel fuel and gasoline 
possible, but the economic feasibility of 
this recycle process depends on the dis- 
posal of low-grade gasoline representing 
approximately 25- to 35-vol. % of the 
total product. For example, the data ob- 
tained with tungsten sulfide catalyst at 
9,000 Ib./sq.in. gage, 825° F., and 1.0 
space velocity indicate a ratio of 3 vol. 
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of diesel fuel to 1 vol. of gasoline in 
the liquid product. 

The preparation of suitable raw ma- 
terial, or synthetic crude, for subsequent 
processing by conventional petroleum- 
refining methods seemed quite feasible. 
Data obtained with tungsten sulfide, 
tungsten nickel sulfide, and cobalt molyb- 
date show a high recovery of oil with 
a low nitrogen and sulfur content. The 
hydrogenation conditions can be ad- 
justed so that the liquid product con- 
tains a minimum of gasoline, a rela- 
tively large volume of diesel fuel, and 
a residue sufficiently low in nitrogen 
content to permit the use of standard 
cracking catalysts. Hydrogen consump- 
tion for this type of product would be 
less than 2300 cu.ft./bbl. of feed. 
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PRESSURE DROP FOR HIGH VACUUM 
FLOW OF AIR 


Through Annular Sections 


CHARLES R. ALANCRAIG * and LeROY A. BROMLEY 


University of California, Berkeley, California 


The isothermal flow of air at room temperature through four commer- 
cially smooth horizontal concentric copper annuli, O.D. of 3 in., has 
been studied by measurement of the pressure differentials and the flow 
rates. In the transition region between molecular flow and viscous flow, 
the flow is found to be the sum of the viscous and molecular flow con- 
tributions (Eq. (5)). Use of the theoretically derived molecular flow 
correction, K, for annuli of Barrett and Bosanquet (2) leads to a large 
variation with geometry of f, the fraction of the molecules diffusely 
reflected. Alternately, use of a constant f equal to the circular pipe 
value results in a value of K of nearly 1.0 to within the limit of experi- 
mental error. No variation of f with flow rate was found. 


NDUSTRIAL precesses operating at 

high pressures have been common 
for a generation, but it has been only 
during the last several years that very 
low pressures have come into extensive 
use. Extremely low pressures are used 
in the various atomic research instru- 
ments (cyclotrons, etc.). Pressures of a 
few microns are employed in the manu- 
facture of electronic equipment, the pro- 
duction of magnesium metal from dolo- 
mite, drying of antibiotics and of blood 
plasma, concentration of vitamins, and 
the coating of lenses. Moderately low 
pressures find use in the concentration 
of fruit juices and other food products. 
The necessary vacuum is obtained by the 
use of mechanical pumps, multistage jets, 
and large oil-condensation pumps. 

No matter how good the vacuum at 
the pumps, it is evident that the pres- 
sure in the process equipment itself may 
be unnecessarily high and even excessive 
if the piping and connections are not 
designed to handle the gas flow with an 
economically small pressure drop due to 
friction. Ideally, the duct used should be 
short and large for vacuum flow, but 
circumstances in installation and prac- 
tice often dictate shapes and lengths 
other than this simple ideal. 

The case of flow through circular 
cross sections has been successfully 
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treated by theory and the results con- 
firmed by experiment. Barrett and 
Bosanquet (2) recently developed ex- 
pressions by which it should be possible 
to calculate the flow or pressure drop 
in molecular flow through annular sec- 
tions. There are, however, at the present 
time no experimental data on vacuum 
flow through annuli. Jt is, then, the pur- 
pose of this research to investigate the 
applicability of the present theory, to 
extend this to the region of slip flow, 
to check experimentally these equations, 
and to make available actual experimen- 
tal data for vacuum flow through an- 
nular sections. 


Theory 


As a result of his investigation of gas 
flow at very low pressures, Knudsen (10), 
assuming wholly diffuse reflection and no 
velocity gradient normal to the walls as well 
as postulating Maxwellian distribution, de- 
rived his “free molecule” flow equation for 
circular pipes 


L — Ps) 

(1) 
where Q is the mass flow in pressure vol- 


ume units. 
By qualitative reasoning Knudsen ex- 


2eRTo. 
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8 , /#RTg. K(e—b*)* 2 
(a+b) 


tended his equation to other shapes by re 
placing by 


"L 
dL 


where O is the wetted perimeter and A is 
the cross-sectional area. Smoluchowski 
(14) generalized the equation for the case 
where only a fraction f of the molecules are 
diffusely reflected. The final modified 
Knudsen equation for any uniform section 


1s 
(5-1) 
(3) 


Cheng (5) derived the above equation 
and obtained a constant smaller by 39/16 
than that given above and hence identical 
with the molecular flow part of the slip 
flow equation (3,9); however, as Cheng 
did not use the proper value for the average 
velocity and momentum, his equation 1s 
inadmissible. Experimentally, Brown et al 
(4) found no minimum in the mass flow 
per unit pressure drop between molecular 
flow and viscous flow for copper pipe as 
had been observed by Knudsen and Gaede 
for glass capillaries (8). Data of Brown 
et al, however, were not at a high enough 
vacuum to be conclusive. The effect is 
probably caused by different tube materials. 


(2) 


2RTge A’ 
eM OL 


Annular Cross-section Conduit. A\l- 
though Equation (3) may be used as an 
approximation, a careful analysis indicates 
that the equation is not exact even for pure 
molecular flow. The more rigorous deduc- 
tions of Lorentz (13) allow accurate equa- 
tions for the flow through an element of 
area for any cross-sectional shape to be 
obtained, but the integrals left standing in 
the final expression for the complete cross- 
sectional flow cause his relation to be un- 
suitable for practical purposes. Bosanquet 
(2) developed a relation which, while 
similar to that of Lorentz, was easier to 
evaluate. This allowed Barrett and Bosan- 
quet (3) to determine a correction factor, 
K, for the right-hand side of Equation (3). 
This equation then becomes, for the annular 
section, 


(4) 


) 
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TEST SECTION 


FLOW METER 


Fig. 1. Diagrammatic 


Values of K as determined by Barrett and 
Bosanquet are given in Table 1 and in 
Figure 7. 

The present authors will postulate as 
several authors have done that for the 
intermediate region between viscous and 
molecular flow the total flow can be 
calculated as the sum of the viscous and 
molecular flow contributions. Alancraig 
(2) gives the derivation for the slip 
flow equation for an annulus. However, 
as the equation cannot apply as molecu- 
lar flow is approached and it is rather 
complex, it is not presented. For flow 
through the annular section one 
using Poiseulle’s law (11) for the vis- 
cous flow contribution, 


has, 


or for p in microns of mercury, 7 in 
centipoises, T in ° K. all linear 
centimeters, Q in liter 
Bmicrons of mercury per second be- 
comes (7) 


and 
dimensions in 


0.026274 
aL (pi fo?) + 30.5 


TABLE OF CORRECTION 
FACTOR K FOR ANNULAR SHAPES 


Calculated by Barrett and Bosanquet (3) 


Radius ratio 
b/a 


aRTQ, 


2M 


T K 


PUMP 
sketch of apporatus. 


It will be more convenient when com- 
paring data with theory to use the 
Knudson No., A/2r, or similar quantity 
as one parameter to evaluate possible 
changes in f with flow rate. 

For this the mean free path A will 
be used as calculated from viscosity as 

= 0.499 


follows: 
2RTgQ, 


If one multiplies and divides the right- 
hand term in Equation (5) by » and 
its equivalent in order to insert A into 


aRT 


(7) 


K (a®?—b*)2 /2 
(a+b) f 


Vin — Pe) 
(5) 


the equation, letting A be evaluated at 
Ath 
2 


(a? — b?)2 (2 
(5a) 


after simplification one obtains: 


This may be rewritten 


where 
= 160nL 


(a+b)Z* 


X= 


(11) 
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Note that for circular pipes Z = X = r. 
Thus, a plot of (F — 1) vs. A/X on log- 
log paper should have a slope of unity if 
f is a true constant and independent of 
flow rate. From any particular value on 
the curve it is possible to calculate the 
value of f. 


Description of Apparatus 


The experimental apparatus is a hori- 
zontal annular section connected to a source 
of vacuum through which a measured quan- 
tity of carefully dried room air flowed 
under steady and essentially isothermal con- 
ditions. Figure 1 is a schematic drawing 
of the apparatus. 


Source of Vacuum. The primary 
source of vacuum is a Distillation Products, 
Inc., type metal oil-diffusion pump, which 
has a manufacturer's rated speed of 500 | 
sec. at 104. A DPI metal oil-dif- 
fusion pump, rated at 200 1./sec. at lg, is 
used as the booster pump. Octoil was used 
in both condensation pumps. The roughing 
pump is a Kinney Manufacturing Co. 
model. A DPI combination high-va- 
cuum valve and baffle, placed between the 
vacuum pumps and the rest of the system, 
allowed the pumps to operate continuously 
while the test section was being changed. 
A standard 6-in. glass-pipe tee is mounted 
above the baffle valve. One end of the cross 
is connected to the monitoring gages; the 
other end, to the test section. 


Test Section. The annulus consists of 
an upstream calming section, 4 ft. long, a 
5-ft. test section, and a one and a half-foot 
downstream calming section. The distance 
between the pressure taps is 5.005 ft. The 
annulus is constructed of standard 16 BWG 
copper tubing. O.D. tubing of 3 in. is used 
for the outside tube; the core diameter was 
varied in half-inch steps from 2" in. to 1 in. 
Each end of the core is supported by three 
cap screws spaced at 120° intervals on the 
periphery of a 5-in. diam. brass collar. To 
provide additional support to the core, 
quarter-inch long rods of proper thickness 
and spaced at 120° intervals around the 
core are soldered to the core, 3% ft. in 
from each supporting collar. The core is 
sealed at the upstream end by a flat copper 
plate, but the downstream end is open. 


The Header. Since the outlet of the 
needle valves is a brass tube %-in. I.D., it 
was believed that some device was needed 
to assure an even flow into the annulus. A 
fritted glass disc of 60-mm. diam., the 
largest ultra-fine porosity disc available, 
was used for this purpose. The upstream 
calming section also aided in assuring even 
flow through the test section. 


Needle Valves. Two vacuum needle 
valves in series were used in order to ob- 
tain smooth and easy control of the flow 
rate. 


- (a? — b*)? 


64 


3a 


(8) 


Flow Meter. The flow-rate-measuring 
device was constructed and used according 
to the design of Alexander (1). Its use is 
described in detail by Alancraig (2). Ps is 
measured on the manometer connected to 
the flask and simultaneously the pressure, p, 
in the vacuum system is measured. The 
stopcock is then rotated through 360°, so 
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TABLE 2 
L = 152.6 cm, 


I 


r = 3.640 cm. 


Pe 

0.695 0.0413 0.0144 
3.49 0.208 0.0666 
8.17 0.498 0.151 
2.5 2.56 0.632 

554 3.95 1.63 

laa 6.30 2.71 

Sov 16.2 


that the flask is restored to atmospheric 
pressure momentarily and then reconnected 
to the vacuum system. The time required 
ior the mercury in the manometer arm con- 
nected to the flask to fall from the initial 
pressure, /:, to some final pressure, /’s, is 
measured with a stop watch. Since the 
ratio of P:/P, was kept less than 1.05, the 
pumping speed can be considered constant. 
ihe flow rate, Q, is then 


Q = (12) 


A cathetometer capable of being read to one- 
twentieth of a millimeter was used to mea- 
sure the difference in height of the liquid 
in the manometer. 


TABLE 3.—RUN II 


L 152.6 em. a = 3.640 cm. 


Gages 


1. Monitoring. An ionization gage and a 
Pirani gage were connected into the system 
at the glass tee in order to allow instantan- 
eous pressure changes to be detected. Both 
gages were used for monitoring purposes 
only. The control circuits for the gages 
were manufactured by Distillation Products, 
Inc. 


2. Measuring. A multiple-range McLeod 
gage was used to measure the pressure 
drop. The gage has a range of 0.004 to 300u 
Hg in four stages and was constructed 
according to the design appearing im 
Dunoyer-Smith (6). All readings were 
made by determining the height of mercury 
necessary to compress the gas to a given 
volume. A two-way stopcock was used to 
connect the gage into first the one-pressure 
tap, then the other. 

The original multiple-range McLeod 
gage was inaccurately calibrated in the two 
highest-pressure ranges. The gage was then 
replaced by a McLeod gage whose 3-mm 
diam. capillary was precision bore tubing 
and whose bulb had a volume of 700 cc. 
Readings were made on this gage by deter- 
mining the height of mercury necessary to 
compress the gas to one of two given vol- 
umes. The gage thus had a range of 0.1 
to 3004 Hg. 


Experimental Procedure 


After each exposure of the system to 
atmospheric pressure, the system was al- 
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(F-) 
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Fig. 2. Graph of Equation (9) for circular cross- 
section, 


rate measurements were repeated several 
times as a check. 


Experimental Data 


Tables 2-6 summarize the experimen- 
tal data. More complete data and calcu- 
lations are recorded (2). All data were 
taken at 22 + 4°C. 


b = 1.269 em. Ev = 1.08 lowed to pump down under no-flow condi- Results 
tions. A 36-hr. pump-down period was 
1 a > ms used since no provision had been made to A graph of the calculated values 
heat the test section to facilitate out-gassing. £1 y< »/X for each run is presented 
2.13 0.169 0.0563 A preliminary run, using the outer pipe” 
2.36 0.203 0.0575 without a core, was made. The purpose of in Figures 2-6. It will be noted that in 
aes - 4 one this run was to test for constant error in all cases the experimental data lie near 
yr ones 0268 the apparatus by checking the flow data a straight line with a slope of unity. 
against the accepted relations for circular 
16.1 1.51 0.426 cross sections and to determine the value This indicates that f is independent of 
30.1 3.17 0.834 of Maxwell's coefficient f for the copper the Knudsen number, or ratio of mean 
a. one a being used. Several points were taken in free path to characteristic dimension. 
both the slip and free molecule flow regions. The dat: that th 
179 13.2 4.70 rate was varied over as wide a range as molecular flow contribution varies from 
oe a 383 possible with the available pumps and 99% to 50%. The least squares slope 
‘ 2 20. Send After 
184 342 29.1 McLeod gages. After each adjustment of  jq using the proper weighting procedure 
oes oes on the flow rate, at least half an hour was (2) for each a dsten of ond 
allowed for the system to come to dynamic jor cach Tun was an 
420 66.8 60.4 equilibrium. All pressure drop and flow- the values are tabulated in Table 7. 
7 
4 100 a 
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100 Qu ite) » 10 10 
x 
Fig. 3. Graph of Equation (9) for annular cross-section, Fig. 4. Graph of Equation (9) for annular cross-section, 
b/a = 0.3485. b/o = 0.5233. 
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TABLE 4.—RUN III 


152.6 em. = 8.640 cm. 


1.905 em. 


& 


- 


o 


It will be noted that the best slope in 
is very close to unity. Be- 
cause of obvious errors, Point 1, Run 1 
and Points 10, 12, 13, and 14, Run IV, 
were not used in the least squares cal- 
culation. 

The value of 1.10 for f found for cir- 
cular copper pipe agrees almost exactly 
with the value given by Cheng (4, 5) for 
copper pipe after correcting for his in- 
correct constant. 

By imposing a slope of unity and 
using the theoretically determined values 
of Barrett and Bosanquet for K, the 
values of f listed in Table 7 were calcu- 
lated. It may be noted that the values 
of f are greater than unity. It is not 
inconceivable that f should exceed unity 
in value, indicating that the molecules 
are reflected on the average with a 
partial reversal of their tangential ve- 
However, one would usually 
expect f to lie below unity. In any 
case f may be considered simply an ad- 
justable parameter. 


every case 


locities. 


Since f is presumed to depend upon 
the character of the interaction between 
the gas molecules and the surface, 
though it may vary with temperature, 
one would at first expect in the case of 
the annulus that the value of f would be 
constant regardless of the geometry. 
However, it could be anticipated that the 
value of f might increase as the annulus 
is progressively narrowed, since then an 
increasing amount of surface area is 
available for small angles of incidence. 
This last trend was actually observed, 
the value of f for the smallest annulus 
being nearly 15% greater than the value 
of f for the circular cross section. The 
variation of f with (b/a) is shown in 
Figure 8 and Table 7. 

Millikan (13) determined values of f 
for several gas-surface combinations by 
two different methods involving radically 
different geometries and obtained ex- 
cellent agreement. Thus, whereas Mil- 
likan’s work indicates that f is not a 
function of geometry, data here indicate 
that it is, if Barrett and Bosanquet’s 
values of K, ie., Ky), are accepted. 

By assuming a constant value for f of 
1.10 which was its value in the circular 
pipe, values of K called K, were calcu- 
lated. Values of K, should apply in 
Equation (5) if f were a true constant. 
These are also listed in Table 7 and 
Figure 7. 

A careful study of the Barrett and 
Bosanquet paper showed that their 
theoretical development could not be 
ruled out on grounds of unreliability or 
lack of rigor. A calculation (2) from 
their equation for K,, checked well with 
their published values for K. 


Example. In a certain high-vacuum 
molecular still a cold trap is to be inserted 
between the pump and the evacuated equip- 
ment to remove easily condensable mater- 
ials. The trap which is to be connected to 
the pump mouth is to consist of an annular 


TABLE 5.—RUN IV 


L = 152.6 cm a = 3.640 cm 


6 = 2.537 cm 


section of 4 in. x8 in. std copper pipe 
cooled to —73*° C. It is expected from past 
experience that 150 1. « of air/sec. at S.T.P. 
will be continually liberated from the 
equipment which is to be maintained at a 
pressure of Iw. The conductance of the 
necessary pipe including end effects and 
bends has been calculated by equations 
summarized in Dushman (7) to be 7) 
sec. at 20°C. The speed of the pump be- 
tween 0.1 and 1 is 500 1./sec. What is the 
maximum length of annular section which 
may be used? 
Pressure at pump mouth = 150/500 = 
= ps 
Pressure at annular section entrance = 
1 — 150/700 = 0.7864 = fp: 
OQ = 150 x 200/273 1u/sec. 
= 1.34 x 10* poises = 1.34 x 10° cps 
Take K=10; f=1.1 (will change 
some as material condenses) 
a = 10.2 cm. b = 5.7 cm. 
T= 200° K. M=29 
We substitute into Equation (5), (5a) or 
(8) and solve for L 
L = 103 cm. = 3.4 ft. 


A 3-ft. section should probably be used 
to be conservative 

The molecular flow contribution in this 
case is 94 cm. which clearly indicates that 
this type of flow is predominate. 
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Fig. 5. Graph of Equation (9) for annular cross-section, 
0.6968. 
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THE FRACTION OF 
THE MOLECULES ¢ (2 |_ 

LECTED 


o4 O06 to 


b/o 
Fig. 8. Variation of f with the radius ratio for annular sections. 


@ = radius of outer pipe of an- v” = average molecular velocity 
nulus, cm. X = (a+ b)(2Z*)/(a — b?)? 

b = radius of core of annulus, (K), cm. 
cm. (Z*) = ((a* — b*)—(a? — b?)?/ 

Fig. 7. Plot of theoretical and experimental F = (16) QnL/wg,(p,? — po”) In a/b), cm.* 
volues of K against b/a. zZ » = coefficient of, viscosity, 

f = fraction of molecules dif- poises (centipoises in 

fusely reflected Equation (5a) ) 
Conclusions 9- = gravitational constant con- . h = mean free path, cm. 

version factor, (1.332 x = micron of mercury = 10-% 


Equation (5), which expresses the 
total flow as the sum of viscous and 
molecular flow contributions, together pee. 
cury) (sec. Literature Cited 


with the values of K from Barrett and 
Bosanquet (2) and the experimental 
fs from Table 7 or Figure 8, may be 


= annulus correction factor 
for Equation (4), (5), 1. Alexander, P., J. Sci. Instruments, 21, 
216 (1944). 


used to calculate accurately the vacuum K.K.= Bers - ? | Bo — 2. Alancraig, C. R., “Pressure Drop for 
flow of air or pressure drop through tg OS Se eee High Vacuum Flows Through An- 
annular coppe ctions. The experimental (using con- nular Sections.’ Unpublished M 5. 
ats able ys- versity alifornia, erkeley 
tems if f may be estimated. However, eat a ais (1951). 
= rthlof s ° +c 
further work should be done to estab- Barrett, A. S. D., and Bosanquet, C. 
Sich clearly M = molecular weight “Resistance of Ducts to Molecular 
systems. ses aig . y 
gnt pipe O = perimeter, cm. td. (Bi ingham Divisi n), Repor 
value of f and K is taken as unity, the BR-296 (November 1944). 
equation will fit the data within experi- = initial, final, and running 4. Brown, G. P., DiNardo, A., Cheng, G. 
- pressures, respectively, K., and Sherwood, T. K., J. Applied 


mental error. This latter result is 
merely fortuitous and without sound 
theoretical basis. 


Phys., 17, 802 (1946) 
5. Cheng, G. K., “Flow of Gases in High 
Vacuum,” Unpublished Ph.D. in 


in flow meter, microns 
of mercury 


The quantity f was found to be inde- fs, Po = upstream and oe Chemical Engineering Thesis, M.1.T. 
spectively 9 
pendent of the rate of flow. pressures, respectively, 6 me wt). Smith, J. H. “V: 
ate af cuum Practice.” D. Van Nostranc 
Notation Co., Inc., New York (1926) 
(microns of mercury) / 7. Dushman, S., “Scientific Foundations 
A =area available for flow, (sec.) of Vacuum Technique,” J. Wiley & 
(6.236 x 108 liter mi- (1913). 
crons/® K. g. mole) = 9. Kennard, E. H., “Kinetic Theory of 
TABLE 6—RUN V pipe radius in Fig. 2 Gases,” McGraw-Hill Book Co., New 
L = 152 — 3.64 r = radius of pipe, cm. _ York, p. 295 (1938). = 
T absolute temperature, °K, 1: Fimudser, M., Ann. Physik, 28, 75, 999 
b = 3.174 cm. Koo = 1.44 absolute temperature, . (1909) and subsequent papers 
= time, sec. 11. Lamb, H., “Hydrodynamics,” 5th ed., 
— p/sec V = volume, liters Cambridge University Press, London, 
2.02 8.85 1.28 p. 555 (1924) 
2.34 4.42 1.46 12. Lorentz, H. A., “Lectures on Theoret- 
377 733 ical Physics,” Vol. I, Chan. IIT, Mac- 
645 951 262 TABLE 1—SUMMARY OF CALCULATED millan & Company, Ltd. London 
ATA (1927) 
6 (192 
rf ty rH Radius Ke 13. Millikan, R. A., Phys. Rev. 21, 217 
8.91 15.7 5.72 ratio Slope (assuming (1921) 
Res = 1.10) 14. Smoluchowski, Ann. Physik, 33, 1559 
* 1 0 0.99 1.10 1.00 (1910). 
40.2 1 15.9 u 0.3485 1.02 1.18 0.92 + 0.07 
40.0 4 23.3 0.5233 0.99 1.20 0.96 > 0.04 
(Presente d at A I.Ch.E. French Lick 
212 84.9 0.8719 102 126 @©1.0420.05 (Ind.) Meeting.) 
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AIR-WATER CONTACT 


Adiabatic Humidification of Air with Water 
In a Packed Tower 


SAMUEL L. HENSEL, JR.* and ROBERT E. TREYBAL 


— industrial processes are in 
some manner concerned with the 
transfer of energy and mass between 
two fluid phases in intimate contact. In 
order to employ the basic two-film 
theory, data are required concerning the 
resistances of the individual films. Un- 
fortunately such information is ex- 
remely meager in the published litera- 
ure. Some data representing measured 
ver-all coefficients are available but it 
Ss not practical to separate the individual 
esistances primarily because the func- 
ions involved are complex and the data 
vailable are not sufficiently accurate. 
Thus, the ultimate objective of experi- 
nental research in this field is the de- 
elopment of complete correlations of 
he heat- and mass-transfer coefficients 
{f the individual phases over wide 
fanges of system dimensions, operating 
ariables, and the physical properties of 
To eliminate completely the resistance 
of one phase, the temperatures and con- 
centrations at the interface must be iden- 
tical to those in the main body of this 
phase over the tower. The liquid-film 
resistance can be eliminated by the 
evaporation of a pure liquid into an 
insoluble gas and adjusting the inlet 
liquid temperature equal to the exit. Ab- 
sorption of a very soluble gas, e.g., am- 
monia in water, is unsatisfactory as 
careful experiments (7, 4) show the 
presence of an appreciable liquid-film 
resistance. The gas-film resistance can 
be eliminated by the isothermal conden- 
sation of a pure vapor into a nonvolatile 


* Present address: Northeastern Univer- 
sity, Boston, Mass. 


Table 1 in its entirety is on file (Docu- 
ment 3618) with the American Documenta- 
tion Institute, 1719 N Street, N.W., Wash- 
ington, D. C. Obtainable by remitting $1.00 
for microfilm and $1.00 for photocopies. 
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liquid. However, the usual procedure of 
absorption of a very insoluble gas, e.g., 
Hy, Og, or Ng, is much simpler and 
apparently the gas-phase resistance is 
negligible (10, 11, 13). 


Scope of Present Work. The present 
investigation was undertaken to obtain 
accurate individual heat- and mass- 
transfer coefficients for the gas film over 
wide ranges of operating variables for 
the single system air-water. Informa- 
tion of this kind would then provide the 
starting point for the desired general 
correlation just discussed. 

The liquid-film resistance to mass 
transfer was eliminated by the evapora- 
tion of water, saturated with air, into 
the air stream and to heat transfer by 
adjusting the inlet water temperature 
until identical to the exit water temper- 
ature. 

To extend the scope of previous in- 
vestigations, wide ranges of flow rates 
were employed: 120 to 6800 Ib./(hr.) 
(sq.ft.) for the liquid and 100 to 1900 
Ib./( hr.) (sq.ft.) for the gas. The 
maximum air flow represents approxi- 
mately loading conditions above which 
it was impossible to remove all entrained 
water from the exit air sample. The 
inlet air temperature was varied from 
100 to 260° F. in order to obtain reason- 
able driving forces. Three heights (3%, 
6,5; and 13% in.) of 1%-in. Berl sad- 
dles were investigated and a large tower 
(21.5 in. on a side) was used to elim- 
inate wall effects, corner effects, etc. 


Pertinent Literature. At the start of 
this investigation the only published 
data representing individual gas-film 
coefficients in a packed tower were a 
set of measurements by Johnstone and 
Singh (8) on l-in. Raschig rings at 
L = 1000 Ib./(hr.) (sq.ft.) and G = 523 
to 2410 Ib./(hr.)(sq.ft.) for which 
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hgaya(G)®*™, Later, McAdams and 
co-workers (9) reported the results of 
an investigation of l-in. Raschig rings 
in a 4-in. diam. tower over a restricted 
range of air flow and liquid flow 
[G = 350 to 1000 Ib./(hr.) (sq.ft.) and 
L = 500 to 2500 Ib./(hr.) (sq.ft.)] for 
6, 9, and 12 in. of packing. 

The following relationship was pre- 
sented : 


(hg@y) = 9-07 

These exponents, which varied but 
slightly with the other flow rate, are 
considerably different in absolute value 
from exponents reported here and are 
different from values predicted from 
analysis of much of the work on am- 
monia absorption which indicates that 
the exponents cover a wide range de- 
pending on the values of L, G, and Z. 
The low ratio of tower to packing 
diameter of 4:1 may have introduced 
“wall effects” into the determination. It 
should be noted that these liquid rates 
are generally in the transition region 
indicated in this study (Fig. 6) in which 
the exponent of the liquid rate is indeed 
low, particularly at low-gas rates. 

The preceding two studies are the 
only ones for which individual gas-film 
data are reported. However, while it is 
not expected that the effect of L, G, and 
Z on over-all coefficients would be the 
same as for the gas film alone, it would 
be expected that the same _ general 
trends would be observed particularly if 
the gas film were controlling. Inspection 
of the data of Dwyer and Dodge (1), 
Fellinger (4) and others on the absorp- 
tion of ammonia in water and Parekh 
(12) on humidification, all representing 
over-all coefficients, indicates the same 
general trends as determined in this 
study; i.e., the exponent of the gas rate 
varies considerably with L and Z 
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(Parekh (12) gives 0.43 to 0.64), that 
of the liquid rate varies somewhat with 
G and Z, and in most the ex- 
ponents on the gas rate are lower and 
those on the liquid rate higher than 
reported by McAdams, et al (9). Data 
of Fujita (6), which actually represent 
over-all coefficients since the water tem- 
perature was not constant, indicate a 
gas rate exponent of approximately 1.2. 
However, a term in the correlation, 
(ly — wet void, probably is also a 
function of the flow rates and _ this 
value of 1.2 probably does not represent 
the complete effect. 

Thus, because of the lack of data and 
the contradictions in those data that are 
available, much work is yet to be done 
in this field. 


cases 


Theoretical Analysis 


Basic Equations. Elimination of 
liquid-film resistances to heat and mass 
transfer by the device used in this study 

jleads to the following equations relating 

height of packed depth to the film coeffi- 
cients for the gas phase: 

hetn av. In tay 

Zz —% 


(1) 
H, —He, 
— Hoe, 


(2) 


‘he following assumptions are involved 
in the integration of the basic differen- 
ial equations which led to the above : 


1. Both the heat- and mass-transfer co- 
efficients are constant over the height, 
Z, independent of temperature and 
humidity changes. Actually coeffi- 
cients calculated from experimental 
data give an average value at some 
integrated average temperature and 
humidity in the tower. 

The specific heat is considered con- 
stant at an average value. 

In expressing partial pressures and 
vapor pressures in terms of humidity, 
Dalton’s law is employed and it is con- 
sidered that P — p; P — pe Pam. 
The water temperature is considered 
constant and the interface value equal 
to the main body temperature. 


Correction Factors. In 
to cover 
L, G, and Z, the average film tempera- 
ture and humidity 
varied considerably 


attempting 


a wide range of the variables, 


were necessarily 
This required that 
the measured coefficients be corrected to 
the same conditions 
making correlations. An average 
film temperature of 110° F. and a hu- 
midity of 0.015 Ib. selected as 
standard values and all coefficients were 
corrected to these conditions by 
of the following relationships : 


average before 


gas- 
were 


means 


a. In heat transfer, the experimental 
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correlation of McAdams et al. 


was employed. 


hoan = 


(9) 


(3) 


In mass transfer, the Chilton-Colburn 
mass-transfer-heat-transfer analogy 
was employed in the absence of spe- 
cific experimental data. 

heP ( 


ke = 


pD. \% 
), 


+H ) 


(4) 


Humidity Determination, Both in- 
let and exit humidities were measured 
by the wet-bulb technique, using the 
standard wet-bulb equation: 


hga(tg — tw) = Aweke( Awe — Ha) 
(5) 

For this purpose the extensive data 
of Dropkin (2) were analyzed and ex- 
trapolated to zero wet-bulb depression. 


The psychrometric ratio for the system 
air-water was taken to be (7) 


for t, = 47.7°F. and 
lb./Ib. at an average 
1750 ft./min. Values of this ratio at 
other conditions were calculated by 
means of Equation (4) and radiation 
corrections were made using the method 
of Dropkin (3) after his data had been 
analyzed for observed emissivities (7). 


H, = 0.00702 


air velocity of 


Equipment and Procedure Details. A 
schematic flowsheet of the apparatus is pre- 
— 7 in Figure 1. An 8-ft. high square 
tower (21.5 in. on a side) was employed 
and was insulated with 8 in. of Fiberglas 
semi-board. To secure uniform velocity of 
air entering the packing, the air was intro- 
duced into the four sides of the tower 
through 6-in. by 19-in. openings by a sheet 
metal distributor divided into four stream- 
line channels by baffles and equipped with 
dampers. To reduce end effects, the pack- 
ing support consisted of a '2-in. mesh wire 
grid supported by %4-in. pipe at 5-in. inter- 
vals and was placed 4 in. above the center 
of the air inlet openings. The extremely 
efficient water distributor employed (Fig. 
2) had 400 points of discharge, resulting in 
a coverage of 1.13 sq.in. of tower area an 


Fig. 2. Liquid distributor. 
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opening. This is compared with coverage 
of 4 to 12 sq.in. an opening achieved by 
previous investigations. The openings were 
of and 442-in. diam. for the high- 
and low-range distributors respectively and 
were positioned 34 in. above the surface of 
the packing. 


Air System. Filtered air was drawn 
through sprays and heaters downstream of 
which a 40-cu.ft./min. sample was removed 
continuously for measurement of tempera- 
ture and humidity by standardized precision 
thermometers graduated to 0.05° F. (At 
high inlet air temperatures aa 
thermometers graduated to 0.1° F. were em- 
ployed.) It was not practical to control 
inlet humidity, and tests were made over a 
sufficient interval to average out atmos- 
pheric fluctuations. Radiation corrections to 
the wet bulb were kept to 1-2% by main- 
taining a mass velocity of 2-4 lb./(sec.) 
(sq.it.) past the wet bulb. The dry bulb 
was caretully shielded. The main air stream 
was metered by orifices constructed to 
A.S.M.E. (5) specifications. The inlet air 
temperature was measured by standardized 
thermometers (shielded for radiation) in- 
serted into the air duct just below the 
downstream orifice calming section and con- 
trolled by Bristol proportioning-reset con- 
trollers. The inlet air distribution system 
(covered with +6 in. of Fiberglas) had a 
large surface area and at the high air tem- 
peratures and low flow rates there was an 
appreciable heat loss. (Internal leakage of 
cold air contributed to the observed drop 
in temperature.) This system was cali- 
brated at different air flows and _ static 
pressures in the tower to give the true 
average temperature of air entering the 
tower. 

Directly above the water distributor a 
40 cu.ft./min. sample of the exit air was 
removed continuously. The temperature and 
humidity were measured with standardized 
precision thermometers graduated to 
9.05° F. A mass velocity of 2-4 Ib./(sec.) 
(sq.ft.) was employed and the dry bulb was 
provided with a radiation shield and a 
shield which prevented any entrained water 
from impinging on the dry bulb but which 
permitted adequate circulation of the air 
sample around the thermometer. 

Elaborate precautions were taken to re- 
duce the amount of entrainment present in 
the exit air sample to an absolute minimum 
and to obtain a truly representative sample, 
since entrainment not only affects the wet- 
and dry-bulb readings directly but increases 
the “end effects.” In the design finally 
adopted, no entrainment at the point of 
humidity measurement could be detected by 
chemical test at mass velocities, G, in the 
tower below 1800-1900 Ib./(hr.) (sq-ft.), 
and the average path from the top of the 
packing to the thermometer$ was approxi- 
mately 20 in. corresponding to an average 
of one-second passage time. The humid air 
was withdrawn from the top of the tower 
through a coarse screen by the main air 
blower and discharged to the atmosphere. 


Water System. City water was heated 
by open steam sparging and pumped to a 
constant level tank from which it flowed 
by gravity through an orifice inserted in a 
3-in. standard line and thus to the water 
distributor. The temperature of the water 
leaving the heating tanks was automatically 
controlled to +0.1-0.2° F. and because of 
designed system time lag was constant to 
+0.01-0.03° F. at the distributor. One of 
the arms of the distributor was brought out 
through the side of the tower and the tem- 
perature of the inlet water measured at 
this point by standardized thermometers 
(0.05° F. graduations). The exit water 
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Fig. 3. Gas film heat-transfer coefficients, 
heaw vs. gos rate, G 


precision thermometer was inserted into the 
pool of water in the bottom of the tower 
beside the overflow pipe and % in. below 
the surface of the water. 


Experimental Procedure. To measure 
only gas-film heat-transfer coefficients, it 
is necessary that the inlet water be at pre- 
cisely the same temperature as the water 
leaving the packing. This necessitated a 
trial-and-error procedure, Conditions were 
considered satisfactory if the two temper- 
atures were identical within +0.2-0.3° F., 
although in the majority of tests the differ- 
ence was less than +0.1° F. The coefficients 
were corrected to 0° F. difference by fol- 
lowing the main test with another short test 
in which the difference in water temper- 
atures was +1.0-2.0° F. data from which 
tests permitted application of the proper 
correction. 

For tests with the inlet air temperature 
less than 120° F., the desired air temper- 
atures were maintained to within +0.10° F. 
by a Bristol proportioning-reset controller. 
For tests at higher temperatures manual 
control of a Spence pressure regulating 
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Fig. 5. Gas film heat-transfer coefficients, 
vs. gos rote, 
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valve maintained the inlet air temperature 
constant to within +1-2° F. In these cases 
the inlet temperature driving force was 
generally greater than 100° F. Approxi- 
mately 2-4 hrs. were required to adjust 
the inlet water -to the proper value and 
the system to come to satisfactory thermal 
ar ag Actual test periods were from 

2 hr. in length, depending on constancy 
of conditions, during whick period each 
thermometer was read about once every 
5-7 min. 

The most satisfactory procedure for de- 
termining the wet-bulb temperature was 
found to be the manual insertion of a 
wet-bulb soaked with water at approxi- 
mately the actual wet-bulb temperature 
(+1° F.) into the air stream and observing 
the constant temperature value ultimately 
reached. 


Discussion of Results 


Heat Transfer. The observed heat 
transfer coefficients, hgay, are plotted 
against the gas rate (G) in Figures 3, 
4, and 5 and are cross-plotted against 
the liquid rate (ZL) in Figure 6 for 
Z = 6,5; in. The data, in general, cor- 
relate better than +5% with certain 
evident exceptions. For Z = 3% in., the 
curve for L = 240 lb./(hr.) (sq. ft.) ap- 
pears to be displaced downward; for 
Z = 6,55 in., L = 240 Ib./(hr.) (sq.ft.), 
the curve was drawn in a manner con- 
sistent with later requirements for de- 
termining the end effects. These data 
are, as far as is known, just as accurate 
as any other series and no explanation 
is available for the apparent deviation. 
For Z = 6,5; in. and L = 6800 Ib./ 
(hr.) (sq.ft.) the large circles indicate 
the estimated accuracy of the data. In 
these the exit air approached 
saturation and the driving forces were 
small for accurate calculation of 


tests 


too 


Fig. 4. Gas film heot-transfer coefficients, 
hoow vs. gas rate, G. 


the coefficients.* Results of tests on 
Z = 13% in. are presented in Figure 3. 
For the tests at G = 180 Ib./(hr.) (sq. 
ft.) and L above 240 Ib./(hr.) (sq.ft.) 
and for L = 6800 Ib./(hr.) (sq.ft.), the 
exit driving forces were so small that 
accurate results were not possible. For 
the tests at G = 100 Ib./(hr.) (sq-ft.) 
there was always a positive humidity 
driving force but there were negative 
temperature driving forces of the order 
of 0.40-0.75° F. (too large and consis- 
tent to be considered accidental or 


*A circle indicates the same degree of 
accuracy for both coordinates. Flow rates 
are considered accurate to within 1% and 
a vertical straight line would be proper. 
However, the circle is more readily ob- 
served and interpreted. 
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observational errors) at the top of the 
tower, the inlet water was at a 
higher temperature than the exit air. 

The heat balances for all runs closed 
within +5-7% except for the very high 
and very low liquid rates. Careful 
analysis of the various factors involved 
leads to the conclusion that the smoothed 
heat-transfer data for the finite packing 
heights are accurate to +5%. 

To permit direct comparison of the 
data with those of other investigators, 
it was necessary to obtain true transfer 
coefficients for the packing only, which 
meant that the end-effects must be sub- 
tracted from the measured coefficients. 
Prior to completion of this study, 
McAdams et al. (9) indicated that a 
straight line could be expected if hgay 
were plotted against 1/Z, permitting 
extrapolation to infinite packed height 
(1/Z = 0). It was anticipated that the 
data for Z = 3% in. would facilitate 
the extrapolation, but unfortunately 
these values seem to be abnormally in- 
fluenced by the end-effects and are not 
compatible with the others. This is 
illustrated in Figure 7, where the corre- 
lation obtained for the individual pack- 
ing heights did not warrant a straight 
line extrapolation. (The method of 
Von Krevelen (14) proved unsatisfac- 
tory.) The results of the extrapolation 
are indicated in Figure 8. In this sys- 
tem, the transfer takes place readily and 
great packed depths can not be used for 
experimental work. The procedure fol- 
lowed, therefore, is a severe test of the 
data and although the curves of Figure 
8 correlate the data within +3%%-5°% or 
less, their accuracy is probably limited 
to +10%-20%. 

Table 1 presents the slopes of the 
observed and extrapolated data. The 
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Fig. 8. True gas film heot-transfer coefficients, 
hoan vs. gas rate, G. 
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exponent for the gas rate (m) is ob- 
served generally to decrease as Z in- 
creases, continuing this trend to infinite 
packing height. In absolute value these 
exponents range from 0.77 (Z = 3% 
in.) to 0.26 (Z = «). Table 1 shows 
that for all cases an increase in liquid 
rate of about 55-fold causes a 50-80% 
increase in the gas rate exponent, nm. 
However, as observed by "McAdams et 
al. (9) in the range L = 500 — 2000 Ib./ 
(hr.) (sq.ft.) liquid rate has little effect 
on this exponent. Cross plots of Agay 
vs. L show a distinct f shape curvature 
as in Figure 6. This same type of rela- 
tionship had been previously reported by 
Dodge and Dwyer (1) in determining 
the effect of gas rate on the over-all gas- 
film mass-transfer coefficients. This 
trend is still apparent, although greatly 
diminished, at infinite packing height 
and, since it is very pronounced for 
Z = 3% in., may possibly be a manifes- 
tation of end-effects. The average slope 
of these curves, even in the region 
L = 500-2000 Ib./(hr.) (sq.ft.), is con- 
siderably greater than the value of 0.07 
reported by McAdams et al. (9) and is 
of the same order of magnitude as re- 
ported by others for hgayq estimated 
from work on absorption of highly 
soluble gases and water-cooling experi- 
ments. Increasing the gas rate about 
17-fold generally doubled the liquid-rate 
exponent, m. It seems probable that if 
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G could have been varied 50- to 60-fold 
a similar f curvature might result. This 
possibility would seem worthy of in- 
vestigation. 

Above a gas rate of 700-900 Ib./ 
(hr.) (sq.ft.) the gay increases rapidly 
for a small increase in G indicating that 
entrainment in the tower results in 
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severe end-effects. The region in which 
the curves depart from straight lines is 
closely checked by the data of Fellinger 
(4) for the absorption of ammonia in 
water. Beyond G = 1600-1700 Ib./(hr.) 
(sq.ft.) loading occurs and entrainment 
becomes so severe that the exit air 
approaches saturation. 


Mass Transfer. The observed mass- 
transfer coefficients, kgay, were plotted 
against G (Figs. 9 and 10 are typical) 
and cross-plotted against L (Figs. 11 
and 12 are typical). The data correlate 
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marked curvature. 
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Fig. 11. Gas film mass 
transfer coefficients, 
koow vs. liquid rate, 
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well and based on the discussion in the 
preceding section may be considered 
generally to be accurate to within 
+5-10%, with a few marked deviations 
from the general trends. For example, 
the coefficients for L = 240 and 120 
Ib./(hr.) (sq.ft.) in Figure 9 correlate 
poorly and are generally lower than 
would be expected. It is thought that, 
for an unaccountable reason, these data 
scatter a bit more than the others and 
a study of the ratio hgay/kgay calcu- 
lated from the actual test data seem to 
confirm use of the best straight line 
through the points. 

For Z = 3% in. (not shown) a plot 
of kgay vs. G is similar to Figure 5 
for hgay both in the shape of the curves 
and in the excellent correlation of the 
data. A plot of kgay vs. L also shows 
a pronounced f shape. 

The extrapolation to infinite packing 
heights is less satisfactory than for heat 
transfer because the observed mass- 
transfer coefficients are much more diffi- 
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cult to obtain and the greater slope 
reduces the accuracy; extrapolation was 
unsatisfactory for L = 240 Ib./(hr.) 
(sq.ft.) and L = 495 Ib./(hr.) (sq.ft.). 
Results are presented in Figure 13. The 
extrapolated points scatter only +5-10% 
but the accuracy of these data may be 
only +30%, certainly not satisfactory 
for use in the desired general correla- 
tion discussed in the introduction. 

In general the observed mass-transfer 
coefficients are two to three times larger 
than the heat-transfer coefficients and 
are affected more by liquid and gas rates 
as indicated by the greater slopes 
(Table 1). The region in which L has 
virtually no effect on kg@y is much 
smaller than for iigay, and for Z = 13% 
in. (Fig. 11) has disappeared. This is 
in contrast to hgay vs. L for Z = 13% 
in. in which the general f shape is still 
evident. 


Apparent Psychrometric Ratio. In 
the wet-bulb equation the ratio of the 
heat- and mass-transfer coefficients, 
hg/kg, is called the psychrometric ratio 
and, for the system air-water, it is ap- 
proximately equal to the humid heat, 
c, = 0.24 B.t.u./(lb.)(° F.). Thus, if 
@y were equal to ay for packed towers, 
the apparent psychrometric ratio, hgay / 
kgay, would approximate the humid 
heat. Values of this ratio were calcu- 
lated from the smoothed data and plotted 
in Figures 14 and 15. These data con- 
firm the qualitative observations of 
McAdams et al. (9) that the value is 
not constant. 

The ratio hg/kg should be indepen- 
dent of L, G, and Z and any increase 
in the apparent psychrometric ratio is 
probably the result of an increase in the 
ratio ady/ay (9). From Figures 14 and 
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15 it is seen that as both the liquid rate 
and the gas rate decrease, the value of 
hg@y/kgay increases. At high liquid 
and gas rates the packing becomes 
completely wetted, ag and ay are essen- 
tially equal, and the apparent psychro- 
metric ratio, hg@y/kgay. approaches a 
minimum value of 0.23-0.24 which is a 
satisfactory large-scale verification of 
the value of the psychrometric ratio for 
the system air-water obtained by analysis 
of Dropkin’s (2) data presented under 
“Humidity Determination.” As the rates 
decrease, the packing becomes incom- 
pletely wetted resulting in more area 
available for heat transfer than for mass 
transfer. The approximate limit of this 
process is reached when ay/ay = 2. 
The resulting maximum value of 
hg@y/kgay is about 0.5 for the system 
air-water. Only in the doubtful region 
of very low L and G for Z = 13% in. is 
this value exceeded and even these data 
are less than 0.58. Thus, the high values 
indicated for Z = o (Fig. 15) are con- 
sidered incorrect and probably result 
more from inaccurate extrapolated mass- 
transfer rather than heat-transfer co- 
efficients. 


Adiabatic Isothermal-Saturation 
Temperatures. McAdams et al. (9) ob- 
served that in packed towers at low gas 
rates the adiabatic isothermal water 
temperature was 1-3° F. higher than the 
adiabatic saturation temperature and the 
difference increased as G decreased. 
This phenomenon was verified in this 
investigation and, since lower air and 
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liquid rates were employed, temperature 
differences as great as 5-6° F. were 
observed (Fig. 16). A _ considerable 
effect of L is observed with the temper- 
ature difference increasing with de- 
creasing liquid rate. There is also a 
significant increase in the temperature 
difference as the packed height, Z, 
increases. 

Scattering of these data is a further 
indication that the inlet humidity mea- 
surements are probably the main source 
of error in this investigation. 
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Summary and Conclusions 
Heat- and mass-transfer coefficients 
were investigated for countercurrent 


adiabatic contact of air and water in a 
packed tower under the following con- 
ditions : 
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a. Temperature of the water phase 
maintained constant throughout the 


tower 
b. Packed heights of 3%, GM», and 


¢ 
13% in. of 1%4-in. Berl saddles 
c. Liquid rates L = 120 to 6800 Ib./ 
(hr.) (sq.ft.) 
d. Gas rates G = 100 to 1900 Ib./(hr.) 
(sq.ft.) 
e. Inlet air temperatures 100° to 260° F. 


Unique features of the experimental 
equipment include : 


a. Large, square tower 21.5 in. on a side 

b. Uniform water distribution to every 
1.13 sq.in, of tower cross section 

c. Uniform inlet air distribution to the 
four sides of the tower 

d. Successful elimination of entrained 
water from the exit air sample 


Directly observed heat (gay) and 
mass (kga@y) transfer coefficients for 
the gas film are presented and are con- 
sidered accurate to within +5% and 
+10% respectively. 

Extrapolation of the observed data to 
infinite tower height, in order to elimi- 
nate end-effects, gave results which are 
considered less accurate: +109%-20% 
for hgay and +30% for kgay. 

When the transfer coefficients are 
expressed as power functions of L + G, 
it was found that: (a) L has a consid- 
erable direct effect on the transfer co- 
efficieats and a lesser but still important 
effect on the exponent for G; (b) G 
affects the coefficients directly and influ- 
ences the exponent on L as well, more 
so for hgay than for kga@y. 

The apparent psychrometric ratio, 
hgay/kgay, for a packed tower is neither 
constant nor equal to the humid heat 
of the main air stream, as frequently 
supposed. Rather it varies from 0.23 to 
0.58, depending upon flow rates and 
packed height. 

The adiabatic isothermal temperature 
of the liquid may be appreciably higher, 
as much as 6°F., than the adiabatic 
saturation temperature of the inlet air 
due to the inequality of ay and ay. 
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Notation 


a = interface area per unit volume 
of packing, sq.ft./cu.ft. 


specific heat at constant pres- 
sure, B.t.u./(Ib.)(° F.) 

¢, = humid heat of humid air at 

constant pressure, B.t.u./ (Ib. 

dry air)(° F.) 


| 
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p= 


Supsc 


= value 


= diffusivity in vapor, sq.ft./hr. 
= mass velocity of dry air, lb. dry 
air /(hr.) ( sq.ft.) 
= humidity, Ib. water vapor/Ib. 
dry air 
saturated humidity, Ib. water 
vapor /Ib. dry air 
coefficient of heat transfer, in- 
dividual, B.t.u./(hr.) (sq. ft.) 
(° F.) 
= coefficient of heat transfer, in- 
dividual, B.t.u./(hr.) (cu. ft.) 
(° F.) 
= mass-transfer coefficient, indi- 
vidual, Ib./(hr.) (sq.ft.) 
(AH) 
mass-transfer coefficient, indi- 
vidual, Ib./(hr.) (cu.ft. ) 
(AH) 
= thermal conductivity, B.t.u./ 
(hr.) (sq. ft.) (° F./ft.) 
mass velocity of liquid, Ib./ 
(hr.) (sq. ft.) 


= molecular weight 


pressure, total, Ib. force/sq.ft. 
or atm. 


= pressure, partial, Ib. force/sq. 


ft. or atm. 

temperature, abs., ° R. 

temperature, ° F. 

height of packing, ft. 

= angle of inclination or radiation 

correction to the wet bulb 

latent heat of vaporization of 
water, B.t.u./Ib. 


density, Ib. /cu.ft. 
PTS: 


bottom of tower or upstream of 
orifice 


= top of tower or downstream of 


orifice 


= dry air 
= arithmetic average 


= log-mean average 
of variables halfway 
through effective film, B 
gas phase (except for D,, dif- 
fusivity in gas phase) 
humid air or heat transfer as 
in hgay 
interface values 
liquid phase 
= main body of gas stream or 
mass transfer as in kgdy 
= saturation conditions (air with 
water ) 
indicates humid heat, i.e., spe- 
cific heat of humid air, c, 
= thermal conductivity, kj, 


» = diffusivity in gas phase (D,) 


= water vapor 
= wet bulb 
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Discussion 


Joseph Byrne ( MIT Station, Bethle- 
hem Steel Co., Lackawanna, N. Y.): 
What would you expect the effect of 
diameter of your tower to have on the 
coefficient which you have found? 

S. L. Hensel, Jr.: The tower was 
21% in. on a side and 1% in. Berl 
saddles were employed, which is way 
beyond the usual ratio of 8:1 that is 
considered satisfactory. I would not 
think that, as the tower diameter got 
larger, there would be any effect of the 
ratio of the packing main dimension 
to tower main dimension on _ these 
coefficients. 

Joseph Byrne: The reason for my 
question is based on a study of ben- 
zene in lubricating oil which is a typi- 
cal process in coke-oven by-products 
work. In the laboratory, with approxi- 
mately the same ratio of packing size 
to column size, the height of a theo- 
retical plate, for example, might be 
2 in. in a column 3 or 4 in. in diam.; 
whereas we find plant equipment (diam. 
of 12 to 16 ft.) will have a height of 
theoretical plate of 15 to 20 ft. 

S. L. Hensel: Were those packed 
towers ? 

Joseph Byrne, These were packed 
towers. 

S. L. Hensel: Was the liquid distri- 
bution as efficient in the plant as it was 
in the laboratory ? 

Joseph Byrne: | would say that it 
was not. That would be the interpre- 
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tation of the data, which would usu- 
ally arise. In your case, with short 
packing, I would be able to expect good 
distribution. How about distribution if 
the depth of the packing is increased? 

S. L. Hensel: Well, the distribution 
initially, in all three cases, was very 
good as you can see—400 openings, i.e., 
1.15 sq. in. of tower cross-section 
area/opening. I have seen some work— 
I can't remember where—on the effect 
of packed types on distribution. With 
Berl saddles the tendency to channeling 
is indicated to be much less than for 
rings and some other types of packing. 
In other words, if the liquid is initially 
distributed satisfactorily, certainly in 
one foot you would not expect any un- 
satisfactory distribution. Now what will 
happen at 12 to 15 ft.? I don’t know. 
That could be another explanation for 
the poor performance of the plant vs. the 
laboratory work rather than the ratio 
of packing diameter to tower diameter, 
plus the much poorer liquid distribution 
that usually results in a plant installa- 
tion. 

G. M. Davis (Du Pont Co., Inc., 
Niagara Falls, N. Y.): Does your last 
slide represent the temperature differ- 
ence between the water leaving the 
tower and the air entering? 

S. L. Hensel: No. That was a plot 
of adiabatic isothermal temperature 
minus the adiabatic saturation tempera- 
ture vs. gas rate for various liquid rates. 
The latter, of course, is uniquely deter- 
mined by the temperature and humidity 
of the inlet air. The former is the equi- 
librium liquid temperature reached by 
adiabatically recirculating the exit 
liquid until the inlet and exit liquid tem- 
peratures are identical. For spray 
towers, where the areas available for 
heat and transfer are identical, 
the liquid temperature reached by adia- 
batic recirculation is the adiabatic satu- 
ration temperature of the inlet air. For 
packed towers these areas are generally 
not the same and the isothermal liquid 
temperature is greater than the adiabatic 
saturation temperature. 


mass 


G. M. Davis: It becomes apparent 
that the temperature difference between 
water leaving the tower and adiabatic 
saturation temperature of entering air is 
the same as the term “approach” used in 
cooling tower industry. The data do 
not include conditions of leaving air. 
Was the leaving air saturated? 

S. L. Hensel: In order to ca!culate 
coefficients, the air had to leave un- 
saturated since log mean driving forces 
were involved. That was the difficulty 
at high packed heights and flow rates. 
AL.Ch.E., 


(Presented at Rochester 


(N.Y.) Meeting.) 
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Clear philosophic approaches to chemical engineering and chemical engineering education are rare 
. but here is one that will be read with interest by educator, graduate, student, and executive . . . 


we © think the author's comment about what is important in engineering problems will be read, quoted 


and used for many years . . . 


HOULD there be two undergrad- 
uate curricula in chemical engineer- 
ing, one directed toward specialization 


and the other toward more general 
fundamental instruction? This is an 
important question today, and in ex- 


amining it, this artiMle will be confined 
solely to a four-year program of study 
leading to the B.S. degree. Typically, 
such a program requires eight terms and 
one summer session for completion. 
The first two scholastic years usually 
consist of prescribed studies in the 
humanities, chemistry, mathematics, and 
physics. The summer session follows 
wherein industrial stoichiometry is 
taught by lecture and laboratory studies 
directed to the chemical engineering 
analysis of inorganic processes. The 
last two years concentrate on chemical 
engineering studies, chemistry, supple- 
mentary engineering subjects and a few 
electives. If there are to be two under- 
graduate curricula the differentiation 
must probably be confined to the 
junior and senior years. One curriculum 
is to be broadly fundamental and the 
other is to give specialized or more in- 
tensive instruction in strictly chemical 
engineering subjects. 


U. S. vs. Germany 


What is chemical engineering ? It is the 
conscious application of science to in- 
dustrial and commercial activities based 
primarily on chemical reactions. The 
industrial recognition of the profit pos- 
sibilities of chemical operations created 
a demand for technologists trained to 
aid in bringing a laboratory chemical 
dream to commercial fruition. The first 
demand was for men to design apparatus 
suitable for chemical plant manufactur- 
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WHAT TYPE EDUCATION— 
SPECIALIZED OR FUNDAMENTAL? 


JAMES H. BOYD 


Chemical Engineer, New York, New York 


ing operations. In Germany, where in- 
dustrial chemistry had its origins, this 
demand was met by the joint efforts of 
chemists and mechanical engineers with 
the former controlling. The practical 
resu!t was the development of large-scale 
apparatus bearing in many instances a 
strong resemblance to laboratory vessels. 
This was a workable arrangement and 
led to the creation of a large, highly 
integrated, chemical industry whose 
achievements were the manufacture of 
synthetic dyestuffs and pharmaceuticals, 
nitrogen fixation, coal hydrogenation 
and synthetic rubber.; For a time, Ger- 
many was beyond dispute the leading 
chemical nation of the world, and World 
War I brought home to her opponents, 
all too sharply, their chemical depen- 
dence on Germany. This war-born 
necessity stimulated the growth of the 
infant chemical industry in the United 
States and also the demand for personnel 
to expand it and to man it. The need 
for numerous chemical engineers came 
practically overnight and at a time when 
the opportunity to draw on German 
experience was nil. 


Likewise the philosophy of American | 


chemical engineering education devel- 
oped rapidly and independently. The 
evolution of the new profession, chem- 
ical engineering, as we know it, was 
swift. The now familiar concept o1 
“unit operations” came into being and 
provided a powerful tool for the rational 
design and intelligent operation of chem- 
ical plants. The teaching of unit opera- 
tions led to the evolution of a chemical 
engineer who combined a grasp of the 
fundamentals of chemistry, physics, and 
mathematics, and the technique of the 
application of this knowledge to indus- 
trial operations. This was a distinct 
advance over the German method. 


Growth and Its Concomitants 


As chemical industry expanded, com- 
petition increased and spurred the study 
of the economics of chemical operations. 
As this economic analysis progressed, it 
was recognized that chemical manu- 
facturing costs are usually controlled by 
the cost of raw materials, of energy, 
and of the capital employed. The cost 


James H. Boyd, consulting chemical engineer with his 
own offices in New York, has been visiting professor in 
chemical engineering at Columbia University since 1951. 
He has been associated with the Phillips Petroleum Co., 
Bartlesville, Okla., 
Du Pont Co., Wilmington, Del., 
and with the ‘Atlantic Refining Co., Philadelphia, Pa., as 


holds an n Se. D. in chemical engineering from the Massa- 
chusetts Institute of Technology. He claims in these 
pages that there is room for an improvement in estab- 
lished curricula and that specialization should be under- 
taken only at the graduate level. 


as technical representative; with 
as chemical engineer, 


of research and development. He 
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of labor is usually less important, Under 
the free enterprise system there is 
continued for more efficient 
processes which will give lower manu- 
facturing This com- 
pulsion leads to new products as well 
as new In this country the 
development of the unique petrochemical 
industry 


pressure 


costs economuc 


pr oOcesses 


has provided spectacular ex- 
amples of both new products and new 
processes to make them—new products 
such as ethylene glycol, ethylene oxide 
and the host of their derivatives which 
include the alkanolamines, alkyl ethers 
of glycol and the lower polyglycols, and 
the surfactants which are ethylene oxide 
adducts. American process developments 
are the chlorhydrin method for glycol 
and the direct oxidation of ethylene with 
air to ethylene oxide. Then the realiza- 
tion dawned of the need and difficulties 
of bringing these new products from 
laboratory curiosities to full-fledged 
commercial commodities. 

In its broader sense chemical engineer- 
ing includes research and the discovery 
of knowledge and its application not only 
to the manufacture but also to the sale 
of chemical products. Thus it includes 
the development of equipment and 
methods of manufacture in so-called 
pilot plants. While these units are built 
and operated primarily to obtain process 
data for plant design and economic 
appraisal of the project, they are also 
useful in furnishing substantial samples 
for establishing uses, specifications, and 
values of the new products. Frequently 
these products require modification to 
make them more useful or more valu- 
able. These changes in product may 
require changes in process and plant 
design. Such chemical process and com- 
mercial development work enables evalu- 
ation of a project, on the basis of studied 
estimates of cost of plant facilities, cost 
of manufacture, market values | and 
volumes, and permits a projection of 
the profits earned on the investment. 


’ Sales and the Technical Man 


If this is deemed sound and 
vields a favorable conclusion, and if the 
funds and personnel are available, ex- 
ecutive decision to proceed can properly 
be made. Sale of the product is pre- 
sumed. But to sell the new product 
requires the aid of a technical man 
thoroughly acquainted with its merits. 
limitations, and potential uses. Only 
after use of the product is established 


study 


Engineers are all too often inferior in the exposition of technical ideas. 
The imperfect communication of their ideas to others in spoken or written 
English is a major handicap. The accurate and persuasive expression of ideas 
makes them valuable, but without explicit statement they are usually of little 
or no value. Facility in the use of the English language can be taught. 


can the sales properly be handled by the 
sales department, and here too technical 
personnel are needed to comprehend the 
customers’ needs and criticisms. Fur- 
ther, the administration of a company 
engaged in chemical business requires 
technical personnel at the management 
level. All these activities lie within the 
field of chemical engineering and or- 
ganized chemical engineering education 
is the customary and most efficient means 
of preparing young men and women for 
work in this field. 

This organized educational program 
consists of undergraduate and graduate 
studies, but we are concerned here with 
only the undergraduate program or 
curriculum, Cooperative plans of study 
are not considered. Only a_ full-time, 
four-year undergraduate curriculum is 
discussed here and the author strongly 
favors fundamental training and avoid- 
ance of specialization at the under- 
graduate level. 


Value of Basic Knowledge 


So fundamental curriculum 
aimed primarily at helping the student 
acquire a foundation of scientific and 
technical knowledge not readily gained 
by independent study or by working in 
industry. The student should use the 
university: to get instruction in those 
subjects wherein it is superior. This is 
simply engineering efficiency. The suc- 
cessful pursuit of many subjects is more 
efficient and more effective in group 
study with qualified instruction than 
when undertaken alone. The mastery of 
fundamentals so acquired provides a 
foundation of basic scientific knowledge 
and of skill in its engineering applica- 
tion to make further learning easier 
and more profitable whether in industry 
or in graduate study. 

A greater mastery of 
tals is preferable to a 
necessarily thorough 
ance with more advanced subjects e-g.. 
short courses in catalysis, heat transfer, 
and distillation; in fewer but 
more intensive courses of study. Such 
a curriculum will not satisfy the need 


fundamen- 
wider but 


less acquaint- 


essence, 


We have taken for granted the integrity and honesty of the engineer. 
Certainly these qualities are necessary to command that confidence and loyalty 
of associates on which a successful career depends . 
chemical engineering should possess honesty, integrity, and moral fiber. 
Without them it is easy to envision a deterioration in the quality of scientific 
research, of engineering, and of commercial operations. 


. . Certainly the B.S. in 
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of the scholastically ambitious student, 
but it will provide the best of founda- 
tions for graduate study. For those 
going into industry this fundamental 
curriculum will provide the best basis 
for the successful acquisition and in- 
tegration of industrial experience. 
Obviously such a curriculum does not 
provide the student with any real grasp 
of industrial techniques and know-how. 
That is not the intention. Those will be 
better learned in industry where the 
subject matter is living and up to date. 
The fundamental curriculum does not 
prepare the man with a B.S. in chemical 
engineering for any specific job. To do 
so would require a sacrifice in funda- 
mental knowledge with a subsequent 
handicap in this regard. The object of 
undergraduate training is not to give the 
student all the answers but rather the 
methods of observation and thinking 
which will lead him to the answers. 
While our students gain facility in the 
application of scientific and engineering 
principles through problem work, we 
recognize that these problems are pack- 
aged and delivered to the student without 
effort on his part. Not infrequently this 
leads to the belief by the student that 
the engineering solution of a problem is 
more difficult than its recognition and 
definition. The converse is the fact. The 
problems encountered in industry are 
usually broad and unstated, and fre- 
quently indefinite and intermingled. The 
analysis of these more or less confused 
situations and their resolution into one 
or more discrete problems is almost in- 
variably more demanding than the 
pertinent engineering solutions. The 
power to do this work rests on a mastery 
of principles rather than on a great 
proficiency in engineering calculations. 
While the latter is a necessary tool, it is 
only a tool. It is merely the servant of 
the ability to isolate and state the prob- 
lem. It is the over-all ability not only 
to find the problems but also to solve 
them which is highly rewarded. This 
over-all ability is usually the result of 
building a fruitful industrial experience 
on a strong foundation of scientific 
knowledge. This strong foundation of 
scientific knowledge can be acquired 
best in college. The fruitful industrial 
experience can be acquired only in in- 
dustry. The industrial experience would 
include a knowledge of the chemical and 
economic factors of raw material supply, 
chemical conversion, and commercial 
utilization of products plus an awareness 
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of the long-range 
Such knowledge essential to good 
judgment. This good judgment com- 
bined with a mastery of scientific and 
engineering fundamentals, equips ‘the 
engineer for major industrial respon- 
sibilities. 

The question is whether two under- 
graduate chemical engineering curricula 
are desirable. One of the two will be 
directed to giving the surest mastery 
of the basic scientific and engineering 
principles with a leavening of human- 
ities to facilitate the student's integra- 
tion of his engineering with the social 
and economic world around him. The 
second curriculum pretending to a useful 
specialization by the undergraduate must 
fail in its purpose. Professional special- 
ization prior to the junior and senior 
years is a practical impossibility. Prob- 
ably none can be given before the senior 
year. The time limitation of the under- 
graduate curriculum does not permit 
thorough training of an undergraduate 
in a professional specialty. Through no 
fault of his own he would fail to master 
the professional specialties which would 
prove indigestible because of premature 


company policies. 


is 


properly taught at the graduate level. 
The students are more mature, purpose- 
ful and ready for the greater intensity 
of effort necessary for successful ad- 
vanced professional training. A con- 
tributing factor to the question of dual 
curricula has been the recent increasing 
participation of chemical engineers in 
commercial activities. Some have ad- 
vocated special undergraduate courses 
for chemical engineers aiming toward 
commercial work but here again the 
classroom is no substitute for chemical 
commercial experience. The value of 
experienced chemical engineers in com- 
mercial activities rests basically on their 
contribution in coordinating the com- 
mercial and technical factors of prac- 
tical problems and in interpreting the 
significance of the technical factors to 
the commercial personnel and of the 
commercial factors the technical 
personnel. The latter may be in re- 
search, process development, plant pro- 
cess engineering or manufacturing. To 
carry weight the chemical engineer 
interpreter must command in technical 
matters the respect of the technical per- 
sonnel with whom he deals. Therefore 


to 


While our students gain facility in 


engineering solutions. 


neering principles through problem work, we recognize that these problems 
are packaged and delivered to the student without effort on his part. 
infrequently this leads to the belief by the student that the engineering 
solution of a problem is more difficult than its recognition and definition. 
The converse is the fact. The problems encountered in industry are usually 
broad and unstated, and frequently indefinite and intermingled. The analysis 
of these more or less confused situations and their resolution into one or 
more discrete problems is almost invariably more demanding than the pertinent 


the application of scientific and engi- 
Not 


presentation and inadequate time for 
assimilation. Then, too, if professional 
specialization is to be offered the under- 
graduate, there is a teaching problem to 
be considered. It would seem these pro- 
fessional courses should be taught in 
two sections, one undergraduate and the 
watered-down 
undergraduate version would not be 
suitable for the graduate students. 
Conversely a good, intensive profes- 
sional course would require more time 
than the undergraduate could give it. 
Thas for good instruction in a single 
subject, two courses, one graduate and 
one undergraduate, would be required. 
This would mean a doubling of the 
teaching burden for a single professional 
subject. The end does not justify the 
cost in teaching effort. The increased 
emphasis on undergraduate specialized 
professional training would defeat itself. 
At best the graduate from a professional 
undergraduate course would have only 
a narrow outlook limited by the scope 
of his specialization. He would lack 


other graduate, since a 


the scientific foundation necessary for 
professional 
professional 


development. 
subjects are 


subsequent 
Advanced 
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he must have a strong technical back- 
ground. To dilute or lessen the under- 
graduate’s purely technical education for 
the sake of premature college instruction 
in subjects will handicap 
him ultimately in commercial chemical 
development work. 

I favor a single undergraduate chem 
ical engineering curriculum directed to- 
ward the broader basic studies and I am 


commercial 


against adding one seeking professional 
specialization at the undergraduate level 
However, there are still weaknesses in 


Engineers are all too often inferior 
in the exposition of technical ideas, The 
imperfect communication of their ideas 
to others in spoken or written English is 
The and 
persuasive expression of makes 
them valuable, but without explicit 
statement they are usually of little or 
no value. Facility in the use of the Eng- 
lish language can be taught. Here is an 
opportunity for improvement in under- 
graduate chemical engineering educa- 
tion. 

We have taken for granted the in- 
tegrity and honesty of the engineer. 
Certainly these qualities are necessary 
to command that confidence and loyalty 
of which a_ successful 
The basketball bribery 
scandals and the major group 
violation of the West Point honor code 
may be symptomatic of a serious lack 
young men in all 
Certainly the B. S. 
should possess honesty, in- 
tegrity, and Without them 
it is easy to envision a deterioration in 
of of 
and of commercial opera 


a major handicap accurate 


ideas 


associates on 
career depends 


recent 


in the education of 
fields in chemical 
engineering 
moral fiber. 
she quality scientific research, 
engineering 
tions. These virtues may best be instilled 
by example and by insistence on them in 
the day-to-day college work. There 


another lack in the basic undergraduate 


18 
curriculum. This is a course in common 
sense, However, if offered as an elective, 
No 
has ever complained of being deficient 
in common sense. And where would you 
find a qualified teacher ? 

It appears that a curriculum aiming 


it would have no enrollment one 


at giving an integrated basic scientific 
training broad in scope is the best under- 
cur- 


graduate chemical 


riculum developed to date. 


engineering 
Certainly 
undergraduate chemical engineering 
training can be improved, but not by 
atempting to develop an undergraduate 


course of pseudoprofessional aspirations. 


Contribution No. 25 from the Chemical 
Engineering Laboratories, i-ngincering 
Center, Columbia University 


the best of undergraduate chemical (Presented at AJ.Ch.E. Rochester 
engineering curricula. (N. ¥.) Meeting). 
CORRECTION 


In “An Empirical Equation for Ther- 
modynamic Properties of Light Hydro- 
carbons and Their Mixtures,” by Messrs. 
Benedict, Webb and Rubin, printed in 


P = RTd + [B,RT — A, — C,/T?)d? + [bRT —a —c/T?\# 


the September, 1951, issue of “C.E.P.,” 
an error occurs in Equations (17) and 
(18) on page 450. They should be as 


follows: 


RT in = RT IndRT + ((B, + B,,)RT — 2(A,A,,;) — 2(C,€ /T?\d 
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PLASTICS EQUIPMENT REFERENCE SHEET 


RAYMOND B. SEYMOUR and EARL A. ERICH 


Atlas Mineral Products Co., Mertztown, Pa. 


RIGID POLYVINYL CHLORIDE: This un- stacks, splash covers and tanks. Since it is thermo-plastic, a coolant is 
filled and unplasticized plastic is CHEMICAL COMPOSITION: Essentially recommended in many machining 
available from domestic and foreign 100% polyviny! chloride with appro- operations. Saws should have fine 

9 ft. x 4 ft. sheet in ¥% in priate pigment and stabilizer. teeth without set, the following tool 
 MACHINABILITY: Can be formed by the angles are recommended: lead 60°, 
ein. and “4 ss thicknesses and - use of dies or blowing techniques, cutting 15-20°, relief angle 8-10°. 
% in., % in., 1 in., 1% in, and 2 in. welded by hot gas process using This plastic should be formed or 


pipe. Bolts, nuts, elbows, T's, —— polyvinyl chloride welding rod, heat- rolled and deep-drawn at 280-320° 

lings and flanges are also available sealed, cemented, ground, turned, F. Heat formed parts should be 
commercially. sanded, stamped, drilled and milled. annealed for 16 hrs. at 140° F. 

Sheet should 

yy APPLICATION MECHANICAL AND PHYSICAL PROPERTIES: be welded at 


AND RE- Tensile Strength, lbs. /sq.in @ Modulus of 365-390° F. 


MARKS: Sheet 55° F. 0° Ibs. /sq.in) 

may be form- 75° F. Specific TEMPERATURE 

100° F. oo Heat Distortion (°F.) ee LIMITATIONS: 

ed, drawn OF ciongation % .. Specific Heat (Btu. 

beng Impact Notch, Izod Ib. in monte tes 
Hardness, Rockwell R ........... 110-120 (70-120°F.) 4 


cal resistant Flexural Strength, Ibs. sq.in. @ Thermal Conductivity B.t.u. x continuous 


structures, oF 25.000 in. service at tem- 
such as ducts, Insulation @ 120° F pera tures 


: (1/32 in.megohms/ above 160° 
hoods, plenum Compressive Strength, lbs. /sq.in 10,000 1000 ft.) 
chambers, 


CORROSION RESISTANCE 


cH 


ACID SALTS 


Alum or Aluminum sulfate ° 
Ammonium chloride, nitrate, 
Copper chloride, sulfate 

Ferric chloride, sulfate 

Nickel chloride, sulfate 

Stannic chloride 

Zinc sulfate 


ACIDS 


Acetic 10% 
Acetic, glacial 
Benzene sulfonic 
Benzoic 
Boric 

Butyric 
Chloroacetic 
Chromic 10% 
Chromic 50% 
Citric 

Fatty acids 
Fluosilicic 
Formic 
Hydrobromic 
Hydrochloric 
tHlydrocyanic 
Hydrofluoric 
Hypochlorous 


Refinery crudes 
Trichloroethylene 


PAPER MILL APPLICATIONS 
Kraft liquor 
Black liquor 
Green liquor 
liquor 
Sulfite hquor on 
Chloride bleach 
Barium sulfide Alum 
Sodium carbonate 
Sodium bicarbonate 
Sodium sulfide 
Trisodium phosphate 
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PHOTOGRAPHIC INDUSTRY 
Developers 
General use 


NEUTRAL SALTS Silver nitrate 


Calcium chloride FERTILIZER INDUSTRY 


Calcium sulfate. 
fagnesium chloride General Use 
STEEL 


Magnesium sulfate .. 
Potassium chloride, sulfate 
Sulfuric acid pickling . cece 
GASES Hydrochloric acid pickling Sa 


Sodium chloride, sulfate 
H.SOy-HNOs pickling 


Chlorine wet 
Chlorine, dry . 
Sulfur dioxide dry 
Sulfur dioxide wet 


Phosphoric 

Picric 

Stearic 

Sulturic 50° 

Sulfuric 70°% 

Sulfuric 93% 

Oleum 

Mixed Acids 57% 
28% HNO. 


TEXTILE 
General use 


mmmm 


FOOD 
ORGANIC MATERIALS 
Breweries 
Dairies 


MISCELLANEOUS INDUSTRIES 


Plating 

Petroleum 

Tanneries 

Oil and soap os 
Water and sewer .. 


RATINGS: 
F— Noe attack () 
a Appreciably no attack e 
Some attack 


but usable in some inatances. 
r chee not recommended 


Acetone és 
Alcohol, methyl, ethyl 
Aniline 
Benzene 
Carbon tetrachloride 
ALKALIES 
Ammonium hydroxide Ethyl acetate 
Calcium hydroxide Ethvlene chloride 
Sodium hydroxide de 
Potassium hydroxide Shes & Phenol 5° 
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(IN A SERIES 
ON CORROSION 
RESISTANT 
MATERIALS) 
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Maleic 
2 Nitric 5% ; 
Nitric 40°; 
ith Oleic EE 
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Perchlori EE 
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N—R tacked 
C—Cold—-70° F 
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NEWS SECTION 


Ch. E. WILL CEREBRATE 
AND CELEBRATE IN CHICAGO 


ROAD aspects of chemical engineer- 

ing will be a predominant theme for 
the September meeting of the A.I.Ch.E. 
Chicago will play host to the chemical 
engineers, along with thousands of 
others from various engineering so- 
cieties, all of whom will meet during the 
month of September in a centennial cele- 
bration. 

While the chemical engineers will get 
under way on Thursday morning, Sept. 
11 instead of the usual Monday begin- 
ning, other engineering societies will 
hold meetings prior to and after the 
A.I.Ch.E. This is all part of a huge 
celebration—the Centennial of Engi- 
neering in the United States. Actually 
it commemorates the founding of the 
Civil Engineering Society, and the event 
will take place during the period Sept. 3- 
13, 1952. During that time 60,000 engi- 
neers are expected to make Chicago their 
headquarters. 

As far as the A.LCh.E.’s part in the 
program, one of the broad survey meet- 
ings will be headed by Francis J. Curtis, 
vice-president of Monsanto Chemical 
Co. The symposium headed by Curtis, 
and titled “Chemical Industries,” will be 
held on Monday, Sept. 9, and will be a 
part of a general engineering convoca- 
tion. It will present papers on specific 
industries and economic conditions 
throughout the whole country. The pro- 
gram as of now, calls for papers to be 
given by the following: 


S. D. Kirkpatrick, vice-president, Mc- 
Graw-Hill Book Co.—Definition—Impor- 
tance of Chemical Industries ; W. K. Lewis, 
Massachusetts Institute of Technology 
Chemical Engineering—A New Science; 
William T. Nichols, vice-president, A.I. 
Ch.E. and director of general engineering, 
Monsanto Chemical Co.—/ndustrial Chem- 
icals—Inorganic; H. E. Thompson, vice- 
president, Union Carbide — /ndustrial 
Chemicals—Organic; Randolph T. Major, 
vice-president, Merck & Co., Inc.—Drugs 
and Medicines; Eger V. Murphree, presi- 
dent, Standard Oil Development Co— 
Petroleum; F. C. McGrew, assistant re 
search director, Du Pont Co., Inc.—Plas- 
tics; J. B. Quig, manager, textile research 
division, Du Pont Co., Inc.—Fibers. 


The technical program of the 
A.L.Ch.E. has been under the supervision 
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of Donald A. Dahlstrom, assistant pro- 
fessor, chemical engineering, The Tech- 
nological Institute, Northwestern Uni- 
versity. All day Thursday will be de- 
voted to a symposium arranged to illu- 
strate the contributions of the Chicago 
area to chemical engineering. 

The Symposium will be held in the 
famous Red Lacquer Room which will 
seat 900 people. Co-chairmen of the 
morning session will be Paul D. V. Man- 
ning, vice-president of International 
Mineral and Chemical Co., and Harry 
McCormack, technical editor of Putman 
Publishing Co. Afternoon chairmen will 
be William E. Brinker, assistant chief 
engineer at Corn Products Refining Co., 
and Leroy F. Stutzman, professor at 
Northwestern Technological Institute. 

Besides the regular general sessions, 
a symposium on Monobed Ion Exchange 
will be given on Friday morning and 
a symposium on Distribution of Chem- 
icals on Saturday morning. 

One outstanding paper to be given is 
“The Fluidized Solids Technique in the 
Petroleum Industry,” by Robert C. Gun- 
ness, assistant general manager of manu- 


facturing, Standard Oil Company of 
Indiana. Applications to catalytic crack- 
ing, hydrocarbon synthesis, oxidation 
reactions, and hydroforming will be dis- 
cussed. 

Several other papers wili be presented 
on fluidization during the general ses- 
sions. 

Complete details of the technical pro- 
gram plus extensive information on the 
entertainment aspects of the meeting, 
will be given in the August issue of 


Centennial Preparations 
Already fifty-one engineering organi-j 
zations have scheduled meetings in ad- 
dition to the symposia programs, and 
thirty-nine of them will hold technical 
sessions during the convocation of the) 
Centennial of Engineering. An account 
of the coming event which coincides with} 
the anniversary of the founding of the} 
American Society of Civil Engineers 
was printed in “C.E.P.” January issue, 
page 35. It was recently announced that 
the program will give to engineering and 
to the general public a series of twelve 
symposia or major subjects. Each will 


be conducted by an eminent chairman J 
and the main speakers will be experts 


in their respective fields. Papers will 


be presented in language understandable | 


to the laymen. 
(Continued on page 18) 


Above is the Fine Arts Building, including the Museum of Science and Industry, 
where engineering developments of the past 100 years will be on exhibit during 
the Centennial of Engineering in Chicago. 
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(Continued from page 17) 


Also included are a reception for for- 
eign delegates Sept. 3 and significant 
ceremonies on Sept. 10 which is desig- 
nated as Centennial Day. The latter 
will include a special luncheon and an 
all-inclusive evening party. 

Opportunities for sightseeing and en- 
tertainment will be provided by Chicago 
and numerous tours are being arranged. 
These will be indicated, in considerable 
detail, in the Official Centennial Pro- 
gram, which is intended to be a clear, 
simple and helpful guide; it is now in 
preparation by the staff of the Centen- 
nial Corp. 

\s one of the principal features of 
the Centennial of Engineering, a musical 
show titled, “Adam to Atom,” 
uled to play in the air-conditioned main 
theatre of the Museum of Science and 
Industry two and three performances 
throughout the 
This extravaganza will portray dramat- 
ically the mankind's ad 
vance by the utilization of engineering 


is sched- 


daily summer season. 


panorama ot 


and scientific achievements. 

The Centennial will have two major 
projects in addition to the musical 
a convocation 


dramatization. These are 


of leading American and foreign engi- 


neering societies and a new 
in the Museum of Science and Industry, 
constructed, will explain 


the past 


exposition 
now being 
engineering developments of 
100 years. 


A. E. C. ESTABLISHES 
INDUS. DEV. OFFICE 
A new Office of Industrial Develop- 
ment headed by William Lee Davidson 
established at the Washington head 
quarters of the Atomic Energy Commis- 
sion May 1. 
M. W. Boyer, A.E.C. general man- 
ager, said the purpose of the new office 
is to aid in the administration of the 


Wats 


industriai participation program involv- 
ing studies of power generation, and to 
expand the areas in which all types of 
industry may find an the 
national atomic He 
added that Dr will 
provide a point of contact with positive 
responsibility to foster wider industrial 
participation in the Commission's pro- 
gram and the development, as may be 
possible, of a more normal competitive 
approach to the problems and potentials 
of the atomic energy business. 

Boyer stated further that the im- 
mediate importance of the new office is 
the support of the present defense effort 

Dr. Davidson was formerly director 
of physical research for the B. F. Good- 
rich Co., Akron, Ohio. Before joining 
Goodrich he was with Monsanto Chem- 
ical Co. 


interest in 
energy program. 


Davidson's office 
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COMBUSTION’S PHYSICAL 
ASPECTS AT SYMPOSIUM 


Plans for the 1952 International 
Symposium on Combustion, to be held 
at the Massachusetts Institute of Tech- 
nology from Sept. 1 to 5, have been 
completed. The Symposium is open to 
all who are interested in combustion, 

The last combustion symposium was 
held in 1948, and much new knowledge 
will be presented in some 100 papers 
from Great Britain, France, Holland, 
Belgium, Germany and Japan as well as 
from the research laboratories and edu- 
cational institutions of the United States. 
At least fifty foreign experts in the field 
will attend. 

Papers are now being reviewed by a 
papers subcommittee of the General 
Symposium Committee of sixty-eight 
American and twelve foreign members. 
Emphasis is being placed on the physical 
aspects of combustion, particularly wave 
phenomena and turbulence, treated from 
both experimental and theoretical stand- 
poimts. 

Typical fields in which papers will be 
presented are ignition; stabilization in 
limits of in- 
instability 
phenomena; microstructure of combus- 


laminar and turbulent flow; 
flammability and detonability ; 


tion waves; theory of flame propagation ; 
flame-jet structures ; combustion 
processes in rocket systems. 

In addition to these fields, plans have 
been made for several survey papers and 


and 


round-table discussions on special topics. 

The complete papers will appear later 
in a single volume, similar to that issued 
after the 1948 Symposium. 

All facilities of the Institute will be 
open to for the 
and living accommodations will be avail- 
able in M.L.T.’s Alfred E. Burton House 
to those who specifically request reset 


registrants symposium 


vations in advance. 
for 
information 


Requests forms or 
for further the 
posium should be addressed to Summer 
Attn: Combustion Sym 
posium Committee, Massachusetts Insti- 
tute of Technology, Cambridge 39, 
Mass., or to Prof. Hoyt C. Hottel, pro 
fessor of fuel engineering at M.I.T. and 


registration 
on syin- 


Session Office, 


Co-Chairman of the Symposium, 


DOW REGISTERS FOR 
100 MILLION ISSUE 


The Dow Chemical Co. filed late last 
month with the Securities and Exchange 
statement 
covering a proposed public offering of 
$100,000,000 of convertible subordinate 
debentures. The debentures will be con- 
vertible into common stock of the com- 
pany. The offering will be underwritten 
by a nationwide group headed by Smith, 
Barney & Co. 


Commission a_ registration 
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GERMANS COMPETE WITH 
U. S. ENGINEERS 


“Aggressive leadership in engineer- 
ing” by the United States is essential at 
the present time, according to E. W. 
Forker, head of the Blaw-Knox chemical 
plants division, who recently returned 
from a survey of technical achievement 
in Europe. He found that European, 
especially German, competition in many 
chemical-process industries is seriously 
threatening America’s lead. 

Of particular interest to chemical 
engineers is Germany's development of 
such process equipment and processes as 
recovery of phenol from coke-oven efflu- 
ent, fatty-acid distillation, a new method 
of purifying gas, new techniques for 
salvaging waste pickle liquors, coal gasi- 
fication, and a continuous for 
deodorizing vegetable oils. “The recov- 
ery of German industry has been spec- 
tacular,” said Mr. Forker aiter attend- 
ing a chemical exposition sponsored by 
German process-equipment manufactur- 
which, he “rivaled our own 
Exposition of Chemical Industries . 
in size and variety of equipment dis- 
played.” 

The value of constructive competition 
for world markets was acknowledged by 
Mr. Forker, suggested the 
benefits to be derived from an exchange 
of technological advances. Three con- 
tracts for the construction of oxygen 
plants embodying German processes, one 


process 


ers, said, 


who also 


of the plants to have a daily capacity of 
more than 300 tons, have recently been 
placed by firms in the United States, 
where great interest has been aroused in 
the Linde Eismaschinen development of 
low-temperature processes for produc- 
ing tonnage and high-purity oxygen and 
for separating all types of industrial 
gases. 


WORLD'S LARGEST 
HOUDRIFLOW FOR TEXAS 


The world’s largest Houdriflow unit 
will be installed soon by Texas City Re- 
fining, Inc., at its Texas City (Tex.) 
refinery, according to an announcement 
of C. G. Kirkbride, president of Houdry 
Process Corp. 

The new unit will crack heavy stocks 
and will have a design capacity of 
19,000 bbl. a day. The new catalytic 
operation will supplant an existing 
10,000-bbl. a day Houdry fixed-bed ca- 
talytic cracker constructed during World 
War II. The new installation will also 
incorporate a visbreaker in the catalytic 
circuit to provide additional charge 
stocks to the catalytic unit from heavy 
fuel oil. Completion of the unit is 
scheduled for the last quarter of 1952. 


(More News on page 20) 
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L. W. Hull, F. J. Stokes Machine Co., Southampton, Pa. H. J. Kandiner, Allied Wheaton Kraft, The Lummus Co., 
Chemical & Dye Corp., Philadelphia, Pa. H. S. Wood, Mid-Continent Petrol Corp., New York. 
Tulsa, Okla. Eldon M. Sutphin, Gulf Research & Dev. Co., Verona, Pa. 


FRENCH LICK MEETING 


More candid photographs of V.I.P.'s at the French Lick meeting. 
See June issue for the meeting story and other portraits. . 


R. G. Folsom, Univ. of California, 
Berkeley, Calif. E.| L. Piret, Univ. of 
Minnesota, St. Paul, Minn. n 


A D. H. Killeffer, National Research 
Corp., Tuckahoe, N. Y. 


L. A. Bromley, Univ. of California, 
Berkeley, Calif. v 


A On their way to technical session. 


F. W. Evans, and R. F. Zimmerman, 
Hooker Electrochemical Co., Niagara 
Falls, N. Y. 
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AROSORB PLANT FOR SUN OIL CO. 


FELLOWSHIP IN CHEM. 
ENG. AT IOWA CITY 


The division of chemical engineering, 
State University of Iowa, has announced 
that the Archer-Daniels-Midland Co., 
Minneapolis, Minn., has established a 
graduate fellowship in chemical engi- 
neering to begin with the 1952-53 school 
year. 

The initial fellowship has been 
Sawarded to Francis B. McDaniel, New- 
ton, lowa, to begin his graduate study 
at the University in the fall. 

The Archer-Daniels-Midland Co. is a 
large processor of agricultural crops. 

The graduate fellowship which the 
company has established at the Univer- 
sity of Iowa will carry a cash award 
of $1,900 for each full vear of graduate 
study in chemical engineering. The fel- 
lowship is granted through the chemical 
engineering division and will be super- 
vised by Dr. Karl Kammermeyer, pro- 
fessor of chemical engineering. 


NEW ANILINE PLANT OF 
NATIONAL ANILINE 


The National Aniline division of 
Allied Chemical & Dye Corp. proposes 
to build a new chemical plant for manu- 
facture of nitrobenzene and aniline by 
newly developed continuous processes on 
a site south of Moundsville, W. Va. The 
site is adjacent to a new plant of the 
Solvay Process Division now in the 
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M. Robert Lipkin, section chief on special problems at Sun’s chemical research 
lab., turns over the first spadeful of earth at the ground-breaking at Sun Oil's 
Marcus Hook refinery for a plant employing the company’s newly developed 
Arosorb Process. Looking on, left to right, are: J. Bennett Hill, director of chemi- 
cal research; Alfred E. Hirschler, senior research chemist; Stewart S. Kurtz, Jr., 
manager of chemical research (Norwood); and John R. Bates, director in charge 
of research and development. “C.E.P.” published an article on the Arosorb process 
last month on p. 276 of the Engineering Section. 


course of construction which will manu- 
facture chlorine and caustic soda using 
local salt deposits. The new catalytic 
process for aniline will use hydrogen 
generated in the Solvay operation. 

Construction of National’s new plant 
will start at an early date with com- 
pletion projected in 1953; work will be 
directed by the division’s engineering 
manager, F. J. Krueger. The Defense 
Production Administration has awarded 
Certificate of Necessity covering 60 per 
cent of the cost of the facilities estimated 
to exceed $2,300,000. 


ADDITIONS TO STAFF 
AT KNOXVILLE 


University of Tennessee, Knoxville, 
has announced additions to the staff in 
the department of chemical engineering. 

Anton de S. Brasunas has joined the 
staff as assistant professor of metallurg- 
ical engineering. Dr. Brasunas had 
worked previously at the Battelle Me- 
morial Institute and for the last two 
years has been a research metallurgist 
with the Oak Ridge National Labora- 
tory. 

Robert Kieber has joined the faculty 
with the title of assistant professor of 
chemical engineering and bacteriology. 
Dr. Kieber had worked previously with 
the National Aniline Co. and has re- 
cently been doing research for the Camp 
Detrick laboratories of the U. S. Army. 
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GLOBAL GROUP 
FOR CELANESE CORP. 


Celanese Corporation of America has 
established a new global organization 
known as Celanese Central, S.A. to pro- 
vide closer liaison with the activities of 
foreign affiliates of the company in all 
countries except Canada. Kenneth G. 
Donald has been named president of the 
new organization. 

“During the past few years the size and 
scope of the activities of Celanese Corpora- 
tion of America have substantially ex- 
panded,” the company said. “Interests in 
other countries have become so large and 
diverse that a continuing liaison with these 
countries is needed, particularly at this time 
when the difficulties of foreign trade are 
becoming more pronounced. 

“Obviously, there should not be any dilu- 
tion of existing management while the 
corporation assumes broader proportions. 
We believe the answer to the problem is the 
establishment of an organization such as 
Celanese Central S.A., the activities of 
which will extend to all countries outside 
of the United States except Canada. In the 
latter country we have already established 
Canadian Chemical and Cellulose Company, 
Ltd., for the operation of the Canadian 
activities.” 

Foreign affiliates of Celanese Corpora- 
tion of America, other than those in 
Canada, are as follows: Celanese Mex- 
icana, S.A., Viscosa Mexicana, S.A., 
Celulosa Nacional, S.A., Claracel, S.A., 
all in Mexico; Celanese Colombiana, 
S.A. in Colombia, and Celanese Venezo- 
lana, S.A. in Venezuela. 


SAFETY KUDOS, TO 
OHIO-APEX & ATLAS 


The first Lammot Du Pont safety 
plaque awards have been won by Ohio- 
Apex, Inc., of Nitro, W. Va., and Atlas 
Powder Co., Wilmington, Del., Charles 
S. Munson, chairman of the board of 
the Manufacturing Chemists’ Associa- 
tion, Inc., recently announced. 

Atlas Powder Co. had the best show- 
ing among chemical manufacturers with 
more than two million man-hours ex- 
posure. Seven plants of Atlas operated 
through 1951 without a lost-time acci- 
dent. 

Ohio-Apex, a division of Food Ma- 
chinery & Chemical Corp., was the win- 
ner in the category of firms with less 
than two million man-hours exposure. 

The plaques are awarded for the 
greatest improvement in accident fre- 
quency rate for the preceding two-year 
period in comparison with the rate for 
the three-year period immediately before 
that. In announcing the winners, Mr. 
Munson remarked as follows : 

The chemical industry is a safe place to 
work. For 1950 the average accident fre- 
quency rate for reporting companies was 
4.83 compared to 14.70 for all U. S. indus- 
try. For the first quarter of 1952, com- 
panies scored a further improvement with 
a rate of 4.03. 


(More News on page 26) 
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Gyclator 


at least meets disposal requirements 


I Because the Cyclator combines recirculation for 
cos poe more complete clarification and faster settling with 
mechanical thickening for maximum sludge compac- 
tion... you gain greatest B.O.D., oil and suspended 


solids reduction at considerably higher flow rates than 
in “old style” disposal plants. 


2 Because the Cyclator increases purification rates and 
eiiminates the need for large chemical mixing. coagu- 
lating and settling basins, you save space... save on 
first costs. 


3 Case histories of Cyclator operation dramatically 


( continue to next page ) 
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(continued from preceding page ) 
EXCEEDS 
illustrate the vital point that the Cyclator will ; 2 ys waste disposal requirements 


clarify wastes to your local requirements at least 
cost. Write for Bulletin 850A — containing data Space-savings up to 80% in comparison to 
and case histories which show how the Cyclator 
By-product recovery and water re-use pay 
exceeds expectations for processors everywhere — for Cyclater operation in many cases. 
North America, South America, Europe. Removes ond antl: 
toxic compounds rapidly and efficiently. i 
Throughput is extremely high because chemical 
feeding, recirculation and mechanical 
pes ge. are perfectly balanced in o single 
sin. 
Reduces chemical costs becouse most efficient 
mixing is attained with recirculation. 
Effluent purified to the degree required to 
regulations. 


INFILCO INC. * Jucson, Arizona 


mee! pollution control 


since 1894 


LEGEND: 
Moon 
SUSPENDED 
SOLIDS 


TAKE A LOOK AT PROCESS SAVINGS— 


Here's a recent pilot plant study. An Infilco pilot 
plant was installed in parallel with a treatment 
plant with separate mixing, flocculating and 
sedimentation basins. 

Both plants treated oil-bearing wastes. Alum and 
activated silica were used as the coagulants. Figure 
1 shows that the three-basin plant operated at a rise 
rate of only 0.2 gpm per square foot for about 95% 
oil removal. Slightly higher removal was gained 
with the Infilco plant and at a rise rate of 0.6 gpm! 

The result: two 100-foot diameter Cyclators were 
installed by a large Eastern refinery to treat waste 
at 3700 gpm. Process savings like this are typical 
I of Cyclator installations. When you need facts for 

t waste disposal at least cost, ask for Infilco’s spe- 
cialized experience ...there’s no obligation for 


0 02 O4 0.8 


4 

on 

| 
— 
+444 
| 

th} 
A 

| 


The Lummus Company has 
played an integral and impor- 
tant role in the unfolding story 
of chemical progress. 


Evidence? You'll find it all 
over the globe in the form 
of chemical processing units 
designed, engineered and 
constructed by The Lummus 
Company—plants whose initial 
run met or exceeded design 
capacity and never relaxed in 
performance. 


Examples ? Lummus has de- 
signed and built nearly 350 
chemical processing units, 
included among which are 
plants for producing phenol, 
resins, solvents, asphalts, alco- 
hol, acetone, toluol, ammonium 
picrate, and for manufacturing 
catalysts. We were at the fore- 
front in providing huge styrene 
and butadiene plants to feed 
the vast synthetic rubber pro- 
gram. In providing ethylene 
manufacturing facilities, the 


name Lummus looms biggest 
of all. 


May we suggest our symbol as 
a good one to look for, believe 
in, and rely on in connection 
with your next chemical process- 
ing project? You'll find us to 
be a group with the depth of 
chemical engineering talent and 
the breadth of experience to 
tackle engineering and con- 
struction problems anywhere 
in the world. 


AM... THE LUMMUS COMPANY 


385 MADISON AVENUE, 
HOUSTON 


NEW YORK 17, N.Y. 


CHICAGO + LONDON + PARIS + CARACAS 


ke x 4 DESIGNING ENGINEERS AND CONSTRUCTORS FOR THE PETROLEUM AND CHEMICAL INDUSTRIES 
J 
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Here are chemical 


PUMPS 


ae SNAP-ON GLAND COVER 
<— of hard molded synthetic rubber 
guards against acid spray. 
has straight side ws HEAVY. DUTY 
straight side wa STUFFINGBOX 
for easy repair and GREASE LUBRICATION 
remachining in your and of bearings through DOUBLE ROW 
cage ring. BJ Mechani- THRUST BEARING 
Seal available. 


} 


IMPELLER 
keyed to shaft ing DOUBLE PROTECTION 
and held secure Aim . FOR BEARINGS 
by two heavy ... synthetic rubber 
jam nuts. Ric deflector and stain- 
less steel labyrinth. 


CATCH BASIN 
integral part of 
pump case. 


@ Quick and easy dismantling for inspection and repair 
without disturbing piping or driver. 
@ All parts interchangeable except pump case and im- 


U ller. Four different pump sizes can be used on one 
You've asked for them... asic stuffingbox and bearing bracket assembly. 
. @ Corrosion-resistant catch basin—integral part of pum 
now BJ introduces these case—guards bearing bracket and teams 
corrosive leakage. 
special construction features! @ Adjusting sleeve permits compensation for impeller 
wear—allows easy adjustment without dismantling. 
@ Grease lubrication gives bearings greater protection 
against acid fumes. Deflector and labyrinth provide 
double protection against liquid entrance. 


@ Cored passages through impeller web keep stuffingbox 
under suction pressure. 
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pumps engineered your demands... 


You—the chemical pump user—dictated the design of these new 

BJ Chemical Pumps. Before Byron Jackson engineered these new 

BJ models, chemical pump users were asked what features were wanted most. 
Now these improved features are yours in the new BJ Chemical Pumps. 

Four pump sizes are available (1”, 1%”, 2” and 3”) with 

capacities to 450 gpm and heads to 100 feet. 


BJ Mechanical Seal also available for 
protection against leakage. BJ's Type 
“A” Mechanical Seal is designed especially 
for the particular demands of chemical 
pumping. It replaces the packing and pro- 
vides positive protection against leakage to 
the bearings or contamination of the pumped 
liquid. All major parts of this BJ-designed 
seal are effectively isolated from contact with 
pumped liquid. Available as special construc- 
tion, the BJ Mechanical Seal will save you 
maintenance time and money by eliminating 
frequent repacking. 


YOU BENEFIT FROM MAXIMUM 
INTERCHANGEABILITY OF PARTS! 


All parts except pump case and impeller are 
completely interchangeable. Four different 
size BJ Chemical Pumps fit one basic assem- 
bly! This means that only a few spare parts 
are needed to service a wide range of pumps. 


BJ makes a complete line of centrifugal 
pumps to answer your other pumping needs. 


FOR MORE INFORMATION 
on these new pumps, write 
BJ Chemical Pump Dept. 4. Byron Vackson Co. 
Since 1872 
P. 0. Box 2017 Terminal Annex, Les Angeles 54, Calif. 


OFFICES IN PRINCIPAL CITIES 
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...@ practical guide 
to Corrosion-proof cements 


NEW, INFORMATIVE 

BULLETIN AVAILABLE WITHOUT 

OBLIGATION 
: 


HERE in concise form you will find com- 
plete data on the basic types of corrosion- 
proof cements and constructions. Each 
cement is graphically shown in its relation- 
ship to temperature and the broad classes 
of corrosives handled. 

In addition, RESISTANCE TABLES 
are included which cover 176 common cor- 
rosives, and relate them to cements satis- 
factory for that service. And, ESTIMAT- 
ING TABLES guide you in figuring not 
only cement, but also brick requirements for 
most corrosion-proof construction jobs. 


SEND FOR YOUR COPY OF BULLETIN 5-2 TODAY 


TLAS 


25 CHESTNUT STREET 
MERTZTOWN, PENNSYLVANIA 
PRODUCTS COMPANY Plant also at Houston, Texas 
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(Continued from page 20) 
UNITED STATES LAGS 
IN I. S. O. 
The necessity for dominant leadership 
in international standardization on the 
part of the United States was stressed 


| by Roger E. Gay, president of the 


American Standards Association, at the 
second general assembly of the Inter- 
national Organization for Standardiza- 
tion in New York last month. 
Standardization is an essential tool in 


| welding the nations of the world in 


mutual understanding and consequently 
in increasing productivity, trade, and 


| general harmony, and the United States, 
| as a world leader in technology and in- 


dustry, should be actively urging stand- 
ardization, but instead, said Mr. Gay, 
“is following behind the enlightened 
leadership of other nations.” 

Of the eleven current recommenda- 
tions for international standardization, 


| among which are temperature reference, 


periodical-title abbreviations, twist di- 
rection of yarns, diffuse transmission 


| density, and method for determining 


photographic speed and exposure index, 
only two were sponsored by the United 
States. This failure to act, according to 
Mr. Gay, is costing America the good 
will of other nations, who see this atti- 
tude as indifference; however it is due 
in part to “our method of developing 
standards, [which] . . . is slow but is 
an essential part of the democratic proc- 
esses of our country.” American par- 
ticipation in the I.S.O., he clarified, is 
through the A.S.A., which presents not 
its own views on any single standard 
but the combined agreement of all the 
manufacturers, technicians, etc., of the 
industry concerned, and such agreement 
is necessarily slow in forthcoming. 
Progress, however, has been made since 
World War II, and American industry 
is becoming aware of its responsibility 


toward international standardization. 


The place of the 1.S.0. in improving 
international relations was also discussed 
by Dr. Albert Caquot, president of the 
1.8.0. from 1949 to 1952, and by Willard 
Thorpe, Assistant Secretary of State 
for Economic Affairs. 


MICROBIOLOGY JOURNAL 
TO APPEAR IN JANUARY 

Applied Microbiology is the title of a 
new journal to begin publication in 
January, 1953, under the auspices of the 
Society of American Bacteriologists. It 
will appear bimonthly and the subscrip- 
tion price will be $7.50. 

The magazine will deal with the ap- 
plications of microbiology to industry, 
foods, sanitation, in fact all aspects ex- 
cept the microbiology of animal and plant 
disease. The Williams & Wilkins Co., of 
Baltimore, Md., will be the publishers. 
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ATLAS PRODUCTS STAND 
«+» between your process 

Corrosion-proof: Cements . . . Coatings . . . Linings 
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NEW CHLOROPHYLL PLANT 


J. C. Hearn, president of National 
Alfalfa Dehydrating & Milling Co., 
Lamar, Col., announced last month that 
Vulcan engineering division of The 
Vulcan Copper & Supply Co., Cincin- 
nati, will design and construct a million- 
dollar chlorophyll plant for scheduled 
completion in the second quarter of 1953. 
The chlorophyll will be obtained from 
alfalfa meal by solvent extraction using 
the Kennedy continuous countercurrent 
extraction system. The plant will include 
facilities for the processing of the crude 
extract to produce finished chlorophyll 
suitable for industrial, pharmaceutical 
and medicinal purposes. 

A new company, The National Chlor- 
ophyll & Chemical Co., has been or- 
ganized to conduct the chlorophyll pro- 
duction activities originated by National 
Alfalfa. The new plant will be built 
beside the existing chlorophyll produc- 
tion plant in Lamar and will add 4000 
Ib. of chlorophyll a month to the pro- 
duction capacity. 


HYATT AWARD FOR 
MELAMINE DEVELOPMENT 


Palmer W. Griffith, West Coast tech- 
nical service director of American 
Cyanamid Co., received the eleventh an- 
nual John Wesley Hyatt Award “for 
achievement of wide importance to the 
plastics industry,” at the award banquet 
held at the Hotel Pierre in New York 
on June 5. He was cited for his re- 
searches with melamine bringing this 
material from a laboratory curiosity to 
a plastic which has become the basis of 
a new industry. The award consists of 
a gold medal and $1000. 

The Hon. Dan A. Kimball, Secretary 
of the Navy, made the principal address. 
A distinguished group of leaders in the 
fields of plastics, chemistry, manufactur- 
ing and finance, witnessed the presenta- 
tion by Gordon Brown, president, So- 
ciety of the Plastics Industry. 


ORGANIC CHEMICALS 
PLANT OF CARBIDE 


Construction on a new multimillion- 
dollar plant for the manufacture of syn- 
thetic organic chemicals and plastic 
resins, about eight miles northwest of 
Seadrift (Calhoun County, Tex.) is 
being planned by Carbide and Carbon 
Chemicals Co., a division of Union 
Carbide and Carbon Corp. A Certificate 
of Necessity for this plant has just been 
granted in Washington by the Defense 
Production Administration. 

Brown and Root, Inc., of Houston, 
will perform the design and construction 
on the new plant. Field work is sched- 
uled to begin early this fall. 

The new plant will produce a variety 


of organic chemicals and plastic resins. 


(More News on next page) 
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wide-awake process men value 


DOWTHERM 


the MODERN heat transfer medium 


Yes, in addition to its economy and efficiency, pow- 


THERM® is safer! 


Dowrnerm is used/ in an indirect system in which the 
fire is removed from any flammable material in process. 
High-temperature operations can now be accurately and 
safely controlled. Dowrnerm presents little hazard in 


handling, in shipping and storage. 


Today powrHER™M users, whether they be paint manu- 
facturers or food processors—or engaged in any other 
high-temperature operation—enjoy a security unknown 
in earlier systems. If your operations require precise 
heating in the 300°-750° F. range, write to Dow for 
complete information about DOWTHERM. 


THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


THE DOW CHEMICAL COMPANY 
DEPT. DO 6, MIDLAND, MICH. 
Please send me "The Dowtherm Story”. 
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PAPER FROM BAGASSE FOR CHILE 


Successful commercial utilization of bagasse, the fibrous residue of sugar cane, 


to make paper was announced by W. R. 


Grace & Co., last month. The process has 


been in operation for some twelve years at Paramonga, Peru, and the Grace plant, 
on a 14,000-acre plantation, produces about 19,000 tons of all types of paper a year. 
A modified soda process is used. Above: as the bagasse leaves the sugar-grinding 
{ mill, a worker bales it for drying. 


STAINLESS STEEL 
TUBING COUPLING 


A new stainless steel fitting, designed 
for rapid coupling of lighter-wall stain- 
less steel tubing, has been developed by 
Peter A. Frasse and Co., Inc., and the 
Cooper Alloy Foundry Co. Trademarked 
Quikupl, the chief advantage claimed 
for the new fitting is that it can 
tube or pipe without threading, 
soldering, brazing, or welding. 


join 
flaring, 
The new 
assembly, according to the developers, 
will permit use of less expensive stain- 
less steel tubing and will reduce assembly 
costs. 

In using the fitting, pipe or tubing is 
simply cut to length, deburred, and in- 
serted in the fitting and the joint is com- 
pleted merely by tightening a small 
screw. The piping is tightened by the 
screw and is held by a synthetic sealing 
ring which is contained in a groove 
machined into the bore of the fitting. 
The seal is constructed so that it will 
provide and maintain a squeeze fit, and 
pressure in the line from either direction, 
seals the space between the ring and the 
tube. 

The new fitting will have a widespread 
application in the chemical processing, 
textile processing, photographic and oil 
refining industries, it is felt. At present 
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the fitting is being manufactured in tees, 
couplings, ells and adapters in types 304 
and 316 stainless. 

As of present, the sealing ring is 
made of a special-type neoprene and can 
be used at temperatures up to 275° F. 
depending upon the corrosive agent in- 
volved. 

The fittings are of the 150 Ib./sq.in. 
class. 

For more information use Data Serv- 


ice item No, 49. 


BAKELITE FILM 
AVAILABLE TO PUBLIC 


A new 16-mm. sound picture in color, 
“Flight to the Future,” produced by 
the Bakelite Co., a division of Union 
Carbide and Carbon Corp., to answer 
such queries from the public as “Why 
Use Plastics?” will be released for na- 
tional distribution to the general public 
Sept. 1, 1952. From July 21 to Sept. 1, 
the film will be available to personnel 
and organizations of the plastics indus- 
try only. 

Inquiries should be made to Modern 
Talking Picture Service, Inc., 45 Rocke- 
feller Plaza, New York, the national 
distribution agency which will do all 
the physical handling and booking of 
the film under contract with Bakelite. 
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CENTENNIAL AT MICHIGAN 
TO BE OBSERVED 


Plans are under way for a centennial 
celebration of the inauguration of engi- 
neering courses at the University of 
Michigan. 

A convocation on Oct. 23 and 24 of 
1953 will mark the opening of the cen- 
tennial program. George Granger 
Brown, dean of the College of Engineer- 
ing, has appointed a faculty committee, 
headed by Prof. Stephen S. Attwood, to 
complete arrangements, aided by a five- 
member alumni advisory group. 

When the University was moved from 
Detroit and re-established in Ann Arbor 
in 1837, engineering was one of the sub- 
jects the Regents believed should be 
offered. It was not until 1853, however, 
that any action was taken to name a 
faculty member to teach civil engineer- 
ing. 

At their meeting of Nov. 16, 1853, the 
Regents decided that Alexander Win- 
chell, then in Alabama, was the faculty 
member they wanted. Negotiations with 
him were completed and he arrived on 
campus early in 1854. A course in civil 
engineering was inaugurated when the 
next term began on March 31, 1854. 
Engineering courses were continued as 
a part of the literary college until 1895, 
when a separate College of Engineering 
was established. 


A.E.C. RELEASES 
ISOTOPE SUMMARY 


The Atomic Energy Commission has 
made available a five-year summary of 
the isotope distributed from installations 
of the Commission. It shows that more 
than 10,000 radioactive isotopes and 
2,000 stable isotopes have been distri- 
buted to users in the United States and 
750 isotopes have been distributed to 
users outside of the United States. The 
book is available from the Superintend- 
ent of Documents at the Government 
Printing Office, Washington 25, D. C., 
for $1.00. 

The book itself is primarily documen- 
tary evidence of the extensiveness of the 
isotope program. A short textual intro- 
duction covers the increase in the num- 
ber of isotope shipments, the production 
and processing, isotope-labeled com- 
pounds, isotope procurement, and alloca- 
tion, training, and the future of the pro- 
gram. 

The tables, which constitute the bulk 
of the book, list the institution, state and 
department, the investigator, the isotope, 
the purpose of the study and the refer- 
ence or status of the study. Then, there 
is an extensive bibliography broken 
down into topical headings. This lists 
some 1,400 studies on isotope utilization. 
The book also has an author index. 
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STRUTHERS WELLS 


EQUIPMENT 


for Dowtherm 


and Other Fluids 


The Struthers Wells forced circulation system utilizing 
Dowtherm as a heat transfer medium has been widely 
accepted by the chemical industry and other users in 
recent years. Scores of large installations in this 
country, and numerous units abroad, testify to the 
universal satisfaction of the user. Many of these 
installations are repeat orders. 


This system offers the user: 
@ Proven performance at maximum temperatures 
@ Trouble-free operation, no coking or overheating 

of equipment 
@ High thermal efficiencies 
@ Close temperature control 
@ Complete equipment and engineering service 
@ Moderate initial cost and low maintenance charges 
We also supply equipment for heating gases to high tem. 
peratures—for superheating steam—heating asphalts. 
absorption oil and a wide range of services. 


Good deliveries are available in standard sizes. 


Write for Bulletin B-45 
on your letterhead, 
please 


Wells 


Me, STRUTHERS WELLS CORPORATION 


Plonts at Warren, Pa. 
Offices in Principol Cities 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


A Time-Saver for Practician 


Industrial Heat Transfer. F. W. Hutch- 
inson. The Industrial Press, New 
York. (1952) x + 326 pp. $6.00. 
Reviewed by V. J. Berry, Res. Eng., 

Stanolind Oil and Gas Co., Tulsa, Okla. 


HIS most recent contribution to the 

heat-transfer literature represents a 
satisfactory solution to the problem of 
providing the practicing engineer with 
information upon which to base equip- 
ment design. Chapter headings include 
conduction, radiation, natural convection, 
forced convection, and combined heat 
transfer. Following the few pages of 
} text at the beginning of each chapter are 
many graphs, each of which may be 
’ used for the direct graphical solution of 
one of the equations appearing in the 
text. Facing each graph is a page of 
description and discussion including one 
numerical example indicating the use of 
the graph. The author has virtually 
eliminated the necessity for any numer- 
ical calculations on the part of the user 
of the book by providing graphs for 
the determination of everything from 
log mean areas to film coefficients for 
the heating or cooling of isopropyl! al- 
cohol flowing inside a pipe. 
The charts presented in the chapters 
on conduction, radiation, and combined 
heat transfer represent, for the most 
part, the solutions of such simple prob- 
lems as the determination of heat loss 
given the thermal conductivity, area, and 
temperature difference. However, there 
lare several charts new to the reviewer 
dor the determination of shape factors in 
problems. 

The most effective selling point of the 
book, however, is the large collection of 
graphs included in the chapter on forced 
convection. These graphs represent 
solutions of the standard equations for 
the film coefficients for fluids heating and 
cooling, both inside and outside tubes. 
Separate graphical solutions have been 
constructed for each of 28 gases and 43 
liquids of industrial importance. These 
71 graphical solutions alone will make 
the book a valuable addition to the li- 
brary of the practicing engineer. 

There are several features of the book 
which may draw criticism. In particular, 
there are no detailed references concern- 
ing the sources of the data on fluid 
properties which were employed in the 
construction of many of the graphs. The 
accuracy of the graphs is not high, but 
it is claimed that their accuracy is 
equivalent to that of the correlations 
which they represent. Although in some 
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places the notation is poor, for the most 
part it follows the standard chemical 
engineering nomenclature. There is no 
detailed development of theory nor dis- 
cussion of experiment, and for this rea- 
son, the book is not recommended as a 
text, although it may serve in the ca- 
pacity of a handbook. Discussion of the 
Schmidt method for graphical solution 
of unsteady state conduction is unsur- 
passed in its lack of clarity. 

In spite of its shortcomings, however, 
the general utility of the book in day-to- 
day design calculations cannot be under- 
estimated. It is well suited for use by 
anyone concerned with conventional 
heat-transfer design problems. The prac- 
ticing engineer should find that the 
small investment in the price of this book 
will be returned many-fold in the form 
of time saved. 


For the Instructor 


Thermodynamics. 
lfred 


Fourth Edition. 
Porter. Wi 


John 


Wiley & 
gone, Inc., New Yor'k (1951) 124 pp. 
0. 


Reviewed by G. E. Hays, Phillips 
Petroleum Co., Bartlesville, Okla. 


ORTER’S book on thermodynam- 
ics, first published in 1931, aims to 
provide the reader an outline to under- 
stand the logical foundations of the sub- 
ject of thermodynamics. In general, 
details of applications of thermodynamic 
principles have been left to larger texts. 
Porter’s text is unique in that he pre- 
sents the mental gyninastics of early 
contributors to the field of thermody- 
namics during their evolution of thermo- 
dynamic relationships, by discussing the 
sequence of reasoning of Carnot, Cla- 
peyron, Kelvin, Clausius, and others. 
Because of his unusual approach, the 
book is of value to the instructor in 
thermodynamics. In this connection, 
however, it is noted that no verbal defi- 
nition of entropy is offered other than 
that “ . a reversible adiabatic is also 
an isentropic or line of constant entropy 
” Porter has divided his little 
book into five chapters: I. Introductory ; 
II. Reversible Changes; III. Miscellan- 
eous Applications; IV. Irreversible 
Operations, and V. On Equilibrium. 
Prof. W. Wilson has, written (for this 
edition) Appendix I, Commentary on 
Porter's Thermodynamics, and Appen- 
dix II, Black Body Radiation. The lat- 
ter appendix extends the text beyond 
Porter’s writings. The book is one of 
the series “Methuen’s Monographs on 
Physical Subjects.” 
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Scattered Lubrication Data 
Concentrated 


The Performance of Lubricating Oils. 
H. H. Zuidema. ACS Monograph 
113. Reinhold Publishing Corp., New 
York (1952) 179 + viii pp. $5.00. 
Reviewed by V. A. Kalichevsky, Con- 

sulting Chemical Engineer, Magnolia 

Petroleum Co., Beaumont, Tex. 


HIS book fills a gap in the existing 

literature for a critical and compre- 
hensive survey of the principles con- 
trolling performance of lubricating oils 
in service. The subject matter is well 
classified and presented in a readable 
form without burdensome details. 

The book is divided into eight chap- 
ters: I. Process of Lubrication; II. 
Rheology; III. Oxidation; IV. Bearing 
Corrosion; V. Sludge and Lacquer De- 
position; VI. Emulsification and Foam- 
ing; VII. Wear, and VIII. Manufactur- 
ing Methods. The last chapter is in- 
tended for readers who are unfamiliar 
with the general methods of manufac- 
turing lubricants. 

Up to the present time the informa- 
tion presented in the book was available 
in the form of articles or specialized 
treatise on the individual subjects. These 
scattered data were of little assistance 
to the students not intimately connected 
with the specific problems associated 
with the lubricating-oil performance. 
The book should be, therefore, of much 
value to technical persons both within 
and outside the petroleum industry who 
would like to increase the scope of their 
knowledge without unnecessary expendi- 
ture of effort in the study of sometimes 
contradictory details. It should be also 
of considerable assistance to all those 
who specialize in the lubrication prob- 
lems by presenting the subject in its en- 
tirety while providing selected refer- 
ences for further studies of the indi- 
vidual items. The author is to be con- 
gratulated on handling this difficult and 
often controversial subject in a clear 
and concise manner. 


Tip Text Chatty Totes. 
oto 
Rinehart & Co, Inc. New Work. 
(1952) 96 pp. $1.50. 

ERE are 200 photographs which tell 

the story of men and women who 
find oil, get it out of the grotind, move 
it to refineries and distribute more than 
1000 products. The story behind the 
book started a year ago and was made 
possible by the cooperation of the em- 
ployees of Shell Oil Co. These arresting 
pictures cover every phase of the oil- 
men’s work “from the oil fields in Cali- 
fornia and the swamplands of Louisiana 
to the service station in Connecticut.” 


(More Marginal Notes on page 32) 
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Banish Corrosion with 
“KARBATE™ 


BRAND 


/mpervious Graphite Towers 


“KARBATE” TOWERS do more than retard corrosion — they eliminate 
it entirely from such processing operations as absorption, fractionation, 
evaporation, extraction, scrubbing, and many others. Furthermore, the 
widespread acceptance of impervious graphite for all types of corrosion- 
free process construction has resulted in the manufacture of monolithic 
tower sections and fittings in sizes to 24” 1.D. 


For example, the tower illustrated here incorporates the following 
standard components: bottom section with gas inlet, liquor outlet and 
support grill; intermediate section with hand hole and packed with car- 
bon Raschig rings; short intermediate section; top section with “Karbate” 
feed assembly and wier plate distributor; and cover with gas outlet. All 
sections and fittings, including spring-loaded tie rods and heavy-steel 
pressure plates, are available for quick assembly to your specifications. 


All openings are of adequate size. Generous gas-liquid disengaging 
space is provided in the top and bottom sections. 


“Karbate” Impervious Graphite is in widespread use today. The in- 
creasing demand for corrosion-free processing equipment indicates that 


"i it will be the universally preferred construction material of tomorrow. : 
; For only impervious graphite can give you this unique combination of : 
properties: 


© STRENGTH AND EASE © HIGH HEAT CONDUCTIVITY 
| OF INSTALLATION © RESISTANCE TO CORROSION 
a AND THERMAL SHOCK 


The term “Karbate” is a registered trade-mark of 
Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, 


District Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


oTwer NATIONAL CARBON week In Canada: National Carbon Limited, Montreal, Toronto, Winnipeg 


HEAT EXCHANGERS + PUMPS + VALVES + PIPING - TOWERS + TOWER PACKING + BUBBLE CAPS - 
BRICK + STRUCTURAL CARBON + SULPHURIC ACID CUTTERS + HYDROCHLORIC ACID ABSCRBERS 
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MARGINAL NOTES 
(Continued from page 30) 


Shaping to Specifications 
Extrusion of Plastics, Rubber and 
Metals. Herbert H. Simonds, Archie 
J. Weith, and William Schack. Rein- 
hold Publishing Corp., New York. 
(1952) 454 pp. $10.00. 
Reviewed by FE. R. Riegel, Prof. Ind. 
Chemistry, Buffalo, 


HIS work is a treatise the 

industry which bears the same 
name, and which has expanded at a 
phenomenal rate. Extrusion molding is 
vis--vis injection molding, over which 
it has the commanding advantage of 
being a continuous process, while injec- 
tion molding is a discontinuous one. In 
this treatise there are presented: equip- 
ment, process, and materials. Also, “the 
unusual versatility of the extrusion ma- 
chine as an industrial unit is described 
for the first time. . . . Methods of mold- 
ing, compounding, pelletizing and pack- 
aging form a significant part of the 
book,” quoting from the foreword by 
C. Wm. Cleworth, publisher of “Plastics 
World.” The authors had the benefit of 
an Advisory Committee of ten experi- 
enced practicing engineers in plastics 
industries, with James Bailey as chair- 
man. 

The book is divided into three parts 
of unequal lengths. Part I, “Extrusion 
of Plastics,” covers 306 pages. Part II, 
“Extrusion of Rubber, Metals and Mis- 
cellaneous Materials,” covers 72 pages. 
An appendix requires 57 pages, and the 
index the balance. In the appendix 
there are included a glossary, a list of 
manufacturers of extrusion products, 
and a list of manufacturers of extrusion 
equipment in the United States and 
Canada. This review will concern itself 
mainly with Part I. 

Extrusion, as said before, is a contin- 
uous process; its aim is to produce a 
continuous specifically shaped product to 
relatively close dimensional tolerances. 
A chapter is devoted to the design and 
use of dies. Means for overcoming the 
formation of bubbles in the extrusion of 
acrylic resins are described. 

The text includes numerous graphs 
and illustrations. Chapter 7, on “Theo- 
retical Aspects,” develops the formula of 
Rogowski which relates the pressure to 
the rate of extrusion in cubic units, the 
screw diameter, and the viscosity of the 
material at the die temperature. Other 
formulas, by Bailey, permit the deter- 
mination of the proper volume per pitch 
of the screw. The discussion includes 
many references to equipment and prac- 
tice in the United Kingdom. 

Part II contains the “Extrusion of 
Rubber,” “Extrusion of Metals,” and the 


on 
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“Extrusion of Miscellaneous Materials,” 
such as graphite electrodes, carbon for 
lead pencils, ice, catalysts, wood waste, 
glass. 

The make-up is attractive. However, 
it would serve the convenience of the 
reader if the right-hand running-heads 
included the chapter number. 

“Extrusion . * is a valuable aid to 
the engineer studying or practicing ex- 
trusion. For the non-specialist, the book 
offers interesting information in a not- 
well-known field. 


For the Engineer and Plastics Man 


Plastics Molding. John Delmonte. John 
Wiley & Sons, Inc., New York. (1952) 
493 pp. + vii. $9.00. 

Reviewed by Richard J. Francis, Con- 
sulting Engineer, Newark, Ohio. 


HIS book considers the problems in- 

volved in converting organic plastics 
materials into useful industrial and con- 
sumer products. A prime problem facing 
these converters (molders) is the appli- 
cation of heat and pressure to plastics 
materials. These are tools familiar to 
the chemical engineer, and they are given 
a lucid, engineering treatment. 

An introductory chapter makes the 
distinction between thermosetting and 
thermoplastic resins and discusses their 
flow characteristics under applied heat 
and pressure. Individual chapters treat 
compression and transfer-molding equip- 
ment, injection-molding equipment and 
extrusion equipment. Dies for plastics 
are described in two other chapters. 

The remaining ten chapters cover 
hydraulic pumps and accumulators, 
packings, valves, fluid flow, heat from 
vapor, liquid and electrical sources, ma- 
terial preparatory equipment, finishing 
accessories and plant lay-out, and while 
these supplementary chapters are di- 
rected to an audience of plastics men, 
they should be helpful to engineers in 
other fields. 

Included in the discussion of mechan- 
ical pressure systems are toggle, worm 
and gear, and rack and pinion mechan- 
isms. Under special molding conditions, 
springs provide follow-through pressure 
to compensate for material compacting. 

While chemical engineers likely will 
be familiar with the discussion of fluid 
flow, they may benefit from the discus- 
sion of some of the newer pumps and 
valves and their performance character- 
istics. 

As its name implies, the book is con- 
cerned with plastics molding, and the 
subject is not confused with a discussion 
of resin formulation. Laminating of flat 
sheets is not covered, and except for a 
brief mention of preforming, the mold- 
ing of fibrous glass reinforced plastics 
is not covered. 
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Minerals and Nature 


The Formation of Mineral Deposits. 
Alan M. Bateman. John Wiley & 
Sons, Inc., New York. (1951 xi + 
371 pp. $5.50. 

Reviewed by Paul D. V. Manning, 

Vice-Pres., Res. Div., International 

Minerals & Chemical Corp., Chicago, Ill. 


UTHOR Alan M. Bateman, Silli- 

man Professor of economic geology 
at Yale University, consulting geologist 
to Kennecott Copper Corp. and editor of 
Economic Geology, has summarized 
much of the available knowledge as to 
how mineral substances happen natur- 
ally. He states that he has written for 
the purpose of answering this question 
for “the scientist, the engineer, the in- 
dustrialist, the layman and the student.” 
In the reviewer's opinion, the author has 
succeeded very well. 

Introducing this study by showing the 
importance of mineral deposits in shap- 
ing world affairs and history, he stresses 
that the rapid present consumption of 
previously discovered mineral reserves 
makes imperative, the discovery of new 
sources. It is important for the layman 
to learn that by definition, the term ore 
is used to describe raw material from 
which metals only may be extracted 
with profit. It is also important to under- 
stand that mineral deposits are the re- 
sults of natural concentrating processes 
which operated subsequent to the forma- 
tion of the earth. 

One important feature of the book is 
the selection of references which follows 
each chapter. A list of general refer- 
ences, the geological timetable and a 
glossary are given at the end of the 
volume. Ample illustrations and tables 
of data are found throughout the work. 

In covering his subject, the author 
includes chapters on mineralizing solu- 
tions, igneous activities, magmatic, con- 
tact-metasomatic and hydrothermal proc- 
esses. Also given are chapters on the 
processes of sedimentation, weathering, 
metamorphism and the effect of ground 
water. 

Factors which control minerals, the 
localization of mineral deposits and 
methods of exploration and mining are 
briefly but well covered. 

The last chapter is devoted to a short 
but good summary of the mineral re- 
sources of the world. 


The Everlasting Bug 


Insect Control by Chemicals. A. W. A. 
Brown. John Wiley & Sons, Inc., 
New York. (1951) 817 pp. $12.50. 
Reviewed by R. W. McNamee, Suft., 

Res. and Dev. Carbide and Carbon 

Chemicals Co., South Charleston 3, 

W. Va. 

GREAT deal of scientific informa- 
tion and practical art relating to 
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control of insect pests by the use of 
chemicals has been assembled in this 
book. The organization of material is 
excellent. The net result is a book which 
should be useful and interesting to prac- 
tical entomologists, students, farmers, 
chemists, toxicologists, and even to lay- 


men who have a fair preparation in | 


chemistry. 

This text presents a clear, 
treatment of the chemical control of 
insects and the methods and equipment 


orderly | 


for their dispersal. It provides the essen- 


tials of insect toxicology, with particular 


emphasis on modern organic insecticides | 


‘Gives You 


cides in present-day use and gives their | 


and is documented by source references. 
The author has classified the insecti- 


chemical and physical properties. . Three 
chapters are devoted to a discussion of 
the relationship of the structure of or- 
ganic compounds to insect toxicity and 
to the susceptibility of insects to these 
materials. The classes of insects rather 
than the crops they affect form the divi- 


sions under which the insecticides are | 


discussed. The equipment in current use 


for the ground and airplane applications | 


of insecticides are illustrated and the 
physical factors influencing the dispersal 
of these materials are covered. 

Several chapters are devoted to the 


toxicity of insecticides to mammals and | 


to plants and to the precautionary meas- 
ures which should be observed in 


handling these chemicals. The last chap- | 


ter is devoted to a discussion on the 
effect of insecticides, particularly DDT, 
on the balance of nature. 

Chemical formulas of nicotine, para- 
thion, and ethyl p-nitrophenylthionoben- 
zenephosphonate are incorrect. For the 
reason that much of the subject matter 
is more or less topical it will probably 
be revised frequently, making it possible 
to eliminate such minor errors. 


Books Received 


The Conduction of Electricity Through 
Gases. K. G. Emeléus. Methuen & 
Co., Ltd. London. John Wiley & 
Sons, Inc., New York. Third edition 
revised. (1951) 99 pp. $1.50. 


Proceedings of the Fourth Annual Con- 
ference on Administration of Research, 
University of Michigan, Ann Arbor, 
Mich. (1950) 100 pp. $3.00 


The Welding of Non-Ferous Metals. 
E. G. West. John Wiley & Sons, Inc., 
New York (1952). 553 pp. $8.50. 


Hydrocarbon Analysis. Edited 
W. Burke, Jr., C. E. Starr, Jr., 

F. D. Tuemmler. Reinhold Publishing 

Corp., New York (1951). 639 pp. $15. 


Quantitative Chemical Analysis. Charles 
W. Foulk, Harvey V. Moyer, 
William M. MacNevin. McGraw-Hill 
Book Co., Inc., New York. (1952) 
ix + 484 pp. $5.00. 
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The Unique 


SADDLE PACKING 


e greater surface area 
e more accessible surfaces 


e@ greater free space 


Which Means 


e lower pressure drop 
e higher flooding limit 
e higher flow capacities 


TABLE ONE 
Comparative Properties of Intalox 

Raschig Berl 

Rings Intalox Saddles 
Nominal Size 
Approx. No./ft* 1350 2390 2200 
Approx. We./ft® 40 39 45 
Aver. Surface area ft?/fe* 58 78 76 
% Free Gas Space 73 74 69 


Raschig Rings 
Bert Soddies 
intaion Soddies 


Write for detailed in- 

formation, today. Ask 

about our 116-page 

reference manual, 

“TOWER PACKINGS 
AND 


PACKED TOWER 
DESIGN” 


U. S. STONEWARE 
AKRON 9, OHIO 


* TM. Reg. 
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w SPARKLER 
FILTERS 


Cross-section of individual 
plate, showing perforated metal 
screen, filter media, and filter coke. 


High flow rates cannot be assured by large filtering 
surfaces alone. Another important factor is provision 
for drain-off space capable of carrying away all liquid 
that the surfaces can handle. 


In Sparkler filters, the Free Drainage design of 
Sparkler horizontal plates eliminates one of the primary 
causes of liquid flow frictions — providing a clear, un- 
obstructed channel through which filtered liquid can 
drain rapidly and more completely. To accomplish this, 
Sparkler uses a series of smooth, widely spaced buttons 
as the means of supporting the filtering surface, thereby 
ending the need for heavy wire mesh or other types of 
media support that have high coefficients of friction. 


Features such as these, hidden from the eye, are 
typical of standard Sparkler construction, and are 
responsible for Sparkler superiority. Coupled with 
highest quality, operational economy, and simplified 
maintenance, free drainage makes Sparkler filters ideal 
for every filtering need and makes them particularly 
well adapted to the filtration of viscous liquids. 


Available in a complete range of sizes 
“i and materials. 
Write for your copy of our new catalog. 


SPARKLER MANUFACTURING COMPANY 
Mundelein, Illinois 


Sparkler International, Ltd. Sparkler Western Hemisphere 
Herengracht 568, Amsterdam, Holland Mundelein JH, U.S.A 


a 


NEW DATA SERIES 
ON PLASTICS 


With this issue “C.E.P.” begins publi- 
cation of a series of reference sheets on 
the corrosion resistance of plastic ma- 
terials. The data will cover the essential 
qualities of practical interest to chemical 
engineers and we hope will serve as an 
easy reference guide for our readers with 
problems that may be solved by the use 
of plastics and plastic coatings. This 
series follows and supplements the Cast 
| Alloy Reference Sheets (1-10), codified 
by N. S. Mott, chief chemist metallurgist 
of the Cooper Alloy Foundry Co., which 
began in July, 1951, and concluded with 
the June, 1952, issue. 

Raymond Seymour, E. A. Erich and 
Robert Steiner, compilers of the new 
series, will arrange data on cements and 
equipment, and coatings and linings in 
the field of plastics. The first reference 
sheet (No. 11) can be found on page 
374. 


Dr. Seymour is executive vice-presi- 


| dent and technical director of the Atlas 
| Mineral Products Co. He was at one 


time associated with the Goodyear Tire 
& Rubber Co., Monsanto, and Johnson 
& Johnson. He _ holds numerous 
patents in the fields of materials of 
chemical construction, plastics, ete. Dr. 


| Steiner is director of research of Atlas 


which he joined in 1950. Prior to that 
year he had been a research chemist at 
Firestone Tire & Rubber Co. 

Mr. Erich is a graduate of Muhlenberg 
College with a B.S. in chemistry. Since 
graduation, he has been employed by 
Atlas, starting in the research laboratory 
and later being assigned to Technical 
Service which he now heads. 


POLLUTION, SAFETY 
DATA SHEETS OF M.C.A. 


A bibliography on air pollution, cov- 


ering causes, effects, control and abate- 
ment methods, has been published as 
Chapter 12 of the M.C.A. Air Pollution 


| Abatement Manual, according to a re- 


cent announcement of the Manufacturing 
Chemists’ Association, Inc. Remittance 
of 50 cents for each copy of the chapter 
should accompany orders. 

Other recent publications of M.C.A. 
are: 

Chemical Safety Data Sheet SD-44 
and SD-45, the first titled Chromic Acid 
Chromium Trioxide, and the second 
Ammonium Dichromate. These data 
sheets, available at 25 cents from M.C.A., 
cover, the properties and essential infor- 
mation for the safe handling and use of 
these chemicals. Also announced is 
publication of a revised Manual Sheet 
TC-4 (20 cents) covering the unloading 
of flammable liquids from tank cars. 

Each publication can be secured from 
| the Manufacturing Chemists’ Associa- 


| tion, Inc., Woodward Building, 15th arid 


| H Streets, Washington, 5, D. C 
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LETTER TO THE EDITOR 


ENGINEERS IN SERVICE 
Sir: 


Many young engineers and chemists 
now in military service have the best 
intentions of maintaining their civilian 
status within their profession. These 
men are confronted with a difficult 
problem, the solution of which should be 
of vital interest to the companies with 
which the men are now or may even- 
tually be affiliated. With these scientific 
fields advancing as rapidly as they are, 
it is imperative for the technical special- 
ist to keep in constant contact with the 
professional advances or he ceases to 
live in the world of today. He no longer 
knows what work is to be done and what 
has been done. 

The ways in which an engineer or 
chemist may make an effort to keep 
abreast of his profession are several. 
The means most effective is to remain 
in constant touch with his profession by 
being a member of a few of the existing 
professional societies. This requires 
only a nominal amount for the yearly 
dues, but one must attend a majority of 
the local meetings to derive a measurable 
benefit. These items, inexpensive as they 
are, are rather costly to one living on 
a soldier's pay. 

Many periodicals are available to 
engineers and chemists for a nominal 
subscription fee, but, in general, must 
be procured by the individual rather than 
through his unit’s library. This little 
item takes a substantial amount of the 
small pay of the serviceman. 

Books are constantly being published 
containing a high grade of design data 
and ideas. These also have a monetary 
value and add to the plight of the young 
soldier-engineer. 

The crowning touch handed to the 
young, aspiring engineer or chemist, 
currently in military service, is that the 
social requirements of an engineer are 
usually somewhat in excess of the aver- 
age man in service. This means to hold 
his professional standing, he must dress 
and act the refined individual he is and 
is expected to be. 

With the existing shortage of tech- 
nically trained men, it is necessary for 
the men within the professions to remain 
in or attain the highest possible level. It 
would be to the advantage of industry 
as a whole to adopt a policy which would 
assist its technically trained men in 
their endeavors to maintain their profes- 
sional standing during the time that 
these men spend in military service. 
June 8, 1952 

Herbert L. Watts, Pvt. 
Arsenal, Ark. 
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MEETINGS 


i Il., Palmer House, Sept 
11-13, 1952. 
Technical 


Eng. 
Dept., Northwestern University, 
Evanston, Ill. 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec. 
7-10, 1952. 

Technical Program Chairman: R. L. 
Savage, Dept. of Chem. Eng., Case 
Inst. of Tech., Cleveland 6, Ohio. 


Biloxi, Miss., Buena Vista Hotel, 
Mar. 8-11, 1953. 

Technical Program Chairman: Nor- 
man A. Spector, Vitro Corp., 
Broadway, New York 7, N. Y. 


Toronto, Canada, Royal-York Hotel, 
April 26-29, 1953. 

Technical Program Chairman: Bry- 
mer Williams, Dept. of Chem. and 
Met. Eng., University of Michi- 
gan, Ann Arbor, Mich. 


San Francisco, Calif., Fairmont and 
Mark Hopkins Hotels, Sept. 13-16, 
1953. 

Technical Program Chairman: R. 
W. Moulton, Head, Dept. of Chem. 
Eng., University of Washington, 
Seattle, Wash. 


Annual—St. Louis, Jef- 
ferson, Dec. 13-16, 

Technical Program a, R. M. 
Lawrence, Monsanto Chem. Co., 
St. Louis 4, Mo. 


SYMPOSIA 


Distribution of Chemicals 


Chairman: D. A. Dahistrom, North- 
western University, Evanston, Ill. 
Meeting—Chicago, III. 


Monobed Ion Exchange 


Chairman: F. J. Van Antwerpen, 
Editor, Chemical Engineering Pro- 
gress, 120 East 4lst St., New York 

Meeting—Chicago, II. 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the A1.Ch.E. Program Commitiee 
Walter E. Lobo, The M. W. Kellogg Co. 225 Broadway, New York 7, N. Y. 


Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E. 
should first query the Chairman of the A.L.Ch.E. Program Committee, Walter 
E. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia. instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.ChE. meetings. Presentations of papers 
are judged ai every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman of the symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor's 
office. Manuscripts not received 70 days beiore a meeting cannot be considered 


Applied Thermodynamics 

Chairman: W. C. Edmister, Cali- 
fornia Research Corp., Richmond, 
Calif. 

Meeting—Cleveland, Ohio 


Human Relations 

Chairman: R. L. Demmerle, General 
Aniline & Film Corp., 230 Park 
Ave., New York, N. Y. 

Meeting—Cleveland, Ohio. 


Modern Statistical Methods in 
Chemical Engineering 

Chairman: C. Daniel, Engineering 
Statistician, 116 Pinehurst Ave., 
New York 33, N. Y. 

Meeting—Cleveland, Ohio. 

Filtration 

Chairman: F. M. Tiller, Dir. Div. 
of Eng., Lamar State College of 
Technology, Beaumont, Tex. 

Meeting—Cleveland, Ohio 


High Pressure 

Chairman: E. W. Comings, Head, 
School of Chem. & et. be 
Purdue University, Lafayette, Ind. 

Meeting—Cleveland, Ohio. 


Mineral Engineering Techniques 
for Chemical Engineers 

Chairman: N. Morash, Titanium 
Div., National Lead Co., P. O. 
Box 58, South Amboy, N. J. 

Meeting—Biloxi, Miss. 


Chemical Engineering in Hydro- 
metallurgy 
Chairman: John D. Sullivan, Battelle 
Memorial Institute, Columbus, 
Ohio. 
Co-Chairman: John Clegg, Battelle 
— Institute, Columbus, 
io. 


Fluid Mechanics 

Chairman: R. W. Moulton, Head, 
Dept. of Chem. Eng., University of 
Washington, Seattle, Wash. 


Absorption 

Chairman: R. L. Pigford, Div. of 
Chem. Eng., Univ. of Delaware, 
Newark, Del. 
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(Continued from page 34) 


U.P.A.D.I. MEETING IN NEW 
ORLEANS IN AUGUST 


The second convention of UPADI 
(Pan American Union of Engineering 
Societies) will be held in New Orleans, 
La. Aug. 25-30, 1952. UPADI 
formed to provide a common meeting 
ground for Western Hemisphere engi- 
neers, a means to discuss mutual prob- 
lems and an opportunity to exchange 
ideas and information, was formally con- 
| stituted at a convention in Havana, Cuba, 

in April, 1951. A.I.Ch.E. takes part in 

its activities through E.J.C. 

The second convention will consider 

| further revisions in the Constitution and 
adopt a set of bylaws. A technical pro- 
gram will be held on Aug. 26. Its theme 

| will be Engineering Education. The 
program is being developed by Leo Jos. 

Lassalle, dean, college of engineering, 
| Louisiana State University. The Con- 
vention will meet at Tulane University. 
Air conditioned McAllister Auditorium 
will be the center of activities. 

A.L.Ch.E. delegates are the following : 


K. H. Kobe, chemical engineering dept., 
University of Texas, Austin 12, Tex. 

W. D. Kohlins, Buflovak equipment 
div., Blaw-Knox Co., 295 Madison 
Avenue, New York, N. Y. 

T. H. Chilton, Du Pont Co., 
Nemours Bldg., Wilmington, 

S. L. Tyler, Secretary, A.I.Ch.E., 120 
East 41st Street, New York, N. Y. 


PLACEMENT SERVICE 
FOR ENLISTED MEN 


ou're looking at a polished section cut from a Dura- A placement committee was recently 
spun Centrifugal Casting...a casting with 12-14% organized by the Enlisted Specialists 
chromium. It tells better than words of the high quality Chemical Engineering Club at the Army 
of Duraspun Centrifugal Castings. Chemical ¢ enter, Maryland, to help sol- 
| dier specialists that make up its mem- 
You get a fine, dense, uniform grain structure. Possible bership establish contact with leading 
air pockets and blow holes are eliminated. Tensile chemical and industrial companies. Hun- 
strength is higher than with static castings. dreds of enlisted specialists assigned 
to the Chemical Center under the Army's 
Order Duraspun if you need pipe or tubing. Sizes run up Scientific and Professional Personnel 
to 15 feet in length; up to 32 inches OD; and down to “ program will be released soon. — 
inch wall thickness. Odd shaped pieces can be produced These are now filling technical and 
providing a circular hole passes uniformly down the professional jobs for the Army in ca- 


2 a pacities varying from chemical engi- 
center. These, of course, require specially designed neering research assistants to biologi- 
casting forms. 


cal statisticians. Many of these soldiers 


If, before ordering or asking us to quote, you would will be seeking permanent places in out- 
the to know mere cheut our werk end facilities, send side industry. Thus the committee hes 


been set up to help these men make con- 
for our Catalog 3150. | tacts with civilian firms, and is inviting 


| representatives of leading chemical and 
industrial companies to interview these 


enlisted men. 
i Ge al 
THE U I COMPANY 


Chemical Corps Research & Engineer- 
ing Command, Brig. Gen. William M. 
Creasy, has pledged his support to this 
activity of the enlisted men. 
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INDUSTRIAL PRACTICES | 
This is an account of a one-day “i x 
engi the actual st ; 
in Py DOUBLE ARM 
. of a contact sulfuric plant of Mon- J } 
santo’s in New England were 5 


demonstrated. This symposium 


> follows in purpose the ideas con- F 
tained in an article by Kenneth A. MIXE RS 
Kobe, printed in “C.E.P.” Sep- 
: tember, 1951, page 48. Therein he | @ 
discussed the industry-sponsored J 
school for faculty members, with | 


the motto, “Teach the Teachers.” 


HE first industrial symposium for | 
teachers of chemical engineering in | 
New England took place at the Mer- | iiss ediierenlelit’ 


rimac plant of the Monsanto Chemical | cities up to 
Co., May 10. Teachers from seven col- "50 P 


leges and Monsanto representatives 
from several plants took part in the all- 
day session on the manufacture of sul- | 
furic acid. The meeting was planned to 
make available to teachers information 
on industrial practice not available in 
the literature. 

Prof. W. L. Kranich of Worcester 
Polytechnic Institute organized the sym- 
posium for the Chemical Engineering 
Education Projects Committee of the 
American Institute of Chemical Engi- 
neers. The program was planned and 
directed by G. J. Odom, assistant to the 
production manager at the Merrimac 
plant. 


Technical Papers and a Tour 


The program was designed to show 
the steps involved in the planning, de- 
sign, construction and operation of a 
contact sulfuric acid plant with illustra- 
tions drawn from the Merrimac unit 
erected in 1949, Included in the program 
were papers discussing a market survey, 
general considerations and details of 
plant design, problems of construction 
and operation, theory of reaction, eco- 
nomics, handling and transportation, and 
a prediction of future developments. The 
two sessions of technical papers were 
separated by a tour of the plant under 
discussion. 

Schools represented at the seminar 
included University of Massachusetts, 
Massachusetts Institute of Technology, 
University of New Hampshire, North- 
eastern University, Tufts College, Wor- 


cester Polytechnic Institute and Yale 
University. Total attendance including | R FAD STAN DAR Dp 
teachers and Monsanto representatives 
was 45. 

Tentative plans were discussed for an 
industrial seminar in a different field to 
be sponsored by A.I.Ch.E. for chemical 


engineering teachers in New England in 
the spring of 1953. 


Readco Dou Mixers continue to 


gh dispersion of 


CORPORATION 


Bokery-Chemical Division: YORK, PENNSYLVANIA —LOS ANGELES 39, 
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provide ropif, thordy 
pigments in water redugible vehicles for 
leading paint monufactuters throughout 
, the country. They \gre pr ing around 
} the clock under the t severé operating 
conditions . . without downtime. 


make your own comparison... 


a Fluor-GR Fin-Fan 


against any other air-cooled heat exchanger 


When considering 

air-cooled heat 

exchanger equipment, 

compare the 

advantages of a 

Fluor-GR Fin-Fan. Make comparisons 

of structural simplicity and flexibility. 
Compare the exclusive features of the 
Griscom-Russell K-Fin section, the rugged 
yet precision design of Fluor mechanical 
equipment. Check proven performance 

in such varied services as gas transmission 
systen’s, petroleum refineries, light 
hydrocarbon processing plants, chemical 
processing plants, and power and industrial 
plants. Before you buy or specify, 
compare the Fluor-GR Fin-Fan. A Fin-Fan 
provides more exclusive design features 
—features that add up to efficient, 
dependable performance—than any 

other make of air-cooled heat exchanger. 
Write for Fluor Bulletin No. FF-8501. 


~ 


THE FLUOR CORPORATION, LTD. 2500 S. ATLANTIC BLVD. LOS ANGELES 22, CALIF. 

New York, Chicago, Pittsburgh, Boston, Tulsa, Houston, San Francisco, Birmingham and Calgary 
Represented in the Sterling areas by 

Head Wrightson Processes Teesdale House, Baltic Street, London, EC England 


Structural design 
Structurally, the Fin-Fan is the 
ultimate in simplicity and flex- 
ibility. its “‘truss-type’’ design 
provides a rugged, vibrationiess 
unit, free of extraneous parts. 
Uniform prefabrication of parts, 
with bolt holes and orientation 
incorporated in basic design, 
permits easy extension without 
shut-down of existing units! 


Fluor mechanical equipment 

rugerely designed to meet spe- 

cite heat transfer requirements. 

: basic gear units cover 4 dif- 

ferent and distinct horsepower 

This, coupled with a 

assemblies ranging 

y in diameter, with 

ie or H Diodes per fan unit, en- 

ables the proont combination of 

gears and to effect optimum 
efficiency. 
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-Fin features 

G-R K-Fins are tension-wound 
for moderate temperatures, rolled 
into grooves for elevated tem- 
peratures. Threaded header plugs 
provide quick, easy access to 
tube ends for cleaning or re- 
placement. Plugs are shoulder- 
tight to form a leakproof metal- 
to-metal joint at all pressures, 
independent of thread tightness. 
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SERVICE 


CHEMICALS 


HUMECTANT. The chemical di- 
vision of Marathon Corp. has a new 
type of humectant composed princi- 
pally of sodium lignosulfonate and 
modified carbohydrates. Source is 
wood. Dark-brown liquid containing 
50 to 55% solids. pH of 8.5 to 9.5. 
Laboratory samples available. 


2 @ NEW SILICONE. General Elec- 
tric’s chemical division producing 
new sodium methyl siliconate. Ma- 
jor use potentially masonry water re- 
pellents, but also applicable to tex- 
tiles, paper products, catalyst prepa- 
ration, additives to silicates, etc. Can 
be dried to a white powder which 
can be redissolved. 


3 e ACETYLENE COMPOUNDS. Air 
Reduction Chemical Co. four ter- 
tiary acetylenic alcohols and glycols. 
They are methyl butynol, methyl, 
pentynol, dimethyl hexynediol, di- 
methyl! octynediol. New product data 
bulletin, physical properties, me- 
chanical properties, reactions, refer- 
ences, etc. 


4 @ GLUCURONOLACTONE BO OK- 
LeT. Corn Products Refining Co., 
chemical division, booklet surveying 
all of the current literature available 
on glucuronolactone. Gives physical 
properties, analysis, clinical studies, 
abstracts of articles on the clinical 
use and references. 


5 @ RADIOACTIVE UREA. A urea C* 
commercially made by Tracerlab, 
Inc. Useful for labeling compounds 
for biochemical use as well as prepa- 
ration of plastics. 


6 @ ALDEHYDES. A bulletin from 
the Tennessee Eastman Co. on vari- 
ous aldehydes. Includes specifica- 
tions and uses of acetaldehyde, 
n-butyraldehyde, crotonaldehyde, 
and isobutyraldehyde. 


7 @ ORGANIC CHEMICALS. Eastman 
Kodak Co. announced recently a 


Mail card for more datap 


group of ten compounds to their or- 
ganic chemicals list. A listing of the 
various products is available from 
the company. 


8 e VALVE SEAL. A silicone lubri- 
cant from Dow Corning Corp. for 
pressure-lubricated valves and flow- 
meter bearings operating at tempera- 
tures from —40 to 500° F. Has wide 
resistance to chemicals and gases. 
Nonmelting, does not gum, etc. Bro- 
chure lists physical properties of the 
valve seal, plus table listing the suit- 
ability in various inorganic, organic, 
and mixed chemicals, and gas proc- 
essing. 


9 @ NITROCELLULOSE. A revised edi- 
tion of the technical booklet about 
nitrocellulose from Hercules Powder 
Co. Data on nitrocellulose solubility, 
use in plasticizers and resins, appli- 
cations, etc. 


10 @ CALCIUM CARBONATES IN 
PLASTICS. A reference bulletin by 
Diamond Alkali Co. on the use of 
precipitated calcium carbonates in 
reinforced plastics. Supersedes ear- 
lier editions. Covers two carbonates 
in fabricating reinforced polyester 
resins. Gives advantages, summarizes 
laboratory tests on the effects of load- 
ing on physical properties, flexural 
strength, tensile strength, compres- 


sion, impact, and also on the chemi- 
cal resistance. 


1] @ RUBBER ANTIOXIDANT. Styphen 
I (chemically, wis (a methylbenzyl) 
phenol mixture), used as an anti- 
oxidant for both GR-S and natural 
rubber, in production by the Dow 
Chemical Co. Nonstaining for pro- 
ducing white rubber products. 


12 @ ISOLATING ACETYL — 
Buffalo Electro-Chemical Co, has i 
sued a data sheet which describes 
method for isolating acety! peroxid 
Hazardous to isolate heretofore, da 

t reports a safe way to isolat 
the substance by vaporization fro’ 
a dimethyl phthalate solution. 


BULLETINS | 


22 @ PIPE ECONOMY. The title 

a 300-page engineering referen 
book for engineers, buyers and use 
of all types of cast iron products f 
handling liquids, of James B. Clow 
Sons. Too vast for complete descrir 
tion but gives dimensions, weights, 
constructions of pipes and pipe fit- 
tings, valves, traps, gratings, etc. Ex- 
tensive number of pages on engineer- 
ing data on flow, conversion factors, 
discharge, etc. 


Cards valid for only six months after date of issue 
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by the numbers I have circled. 
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23 @ PERFORATED MATERIALS. Cata- 
log of The Harrington & King Per- 
forating Co. on perforating service 
to industry. Covers the types of ma- 
terials perforated, extensive section 
on types of perforating, and designs. 


24 @ KILNS, COOLERS AND DRYERS. 
Traylor Engineering & Manufactur- 
ing Co. bulletin on rotary kilns, cool- 
ers, and dryers. Weil illustrated 
shows application to cement, lime, 
chemical and process plants of huge 
equipment. Gives information on 
operation, construction, etc. 


25 e SEWAGE AND TRASH PUMP. 
Fairbanks, Morse & Co. describe a 
new bladeless pump for moving sew- 
age and trash. Nonclogging-type 
featuring a bladeless impeller capa- 
ble of handling fibrous trash. Verti- 
cal shaft and horizontal shaft pumps 
from 2- to 5-in. discharge. Shows 
construction, type of impeller, drive, 
modifications, dimensions, etc. For 
the chemical engineer with a prob- 
lem in moving solids. 


26 @ MIST ELIMINATORS. A bulletin 
on mist eliminators made from cor- 
rosion-resistant metal wire knitted 
into a mesh and fabricated into sec- 
tions to fit equipment. Bulletin 
shows the elimination of mist from 
a gas and describes application to 


Postage 

Will Be Paid 
by 

Addressee 


petroleum towers, 
packed towers, etc. 
Corp. 


stills, 
Textile 


vacuum 


Metal 


27 @ MILLS. A bulletin from Daffin 
Mfg. Co. on mill units for grinding 
and pulverizing grains and other ma- 
terials. Hammer type. Bulletin de- 
scribes six units. Table gives speci- 
fications, construction details of each. 
Especially aimed at food processors 
and feed producers, but adaptable 
and being used in the chemical proc- 
ess field. 


28 @ DEHYDRATORS. Ardrier dehy- 
drators from The Heil Co. Bulletin 
describes design features of complete 
systems. Originally intended for 
flash-drying of forage crops. Tem- 
peratures up to 1800° F., features 
rapid evaporation. Operated at 
6000 Ib./hr. on material with initial 
moisture content of 65%. 


29 @ INDUSTRIAL TV. For observing 
a scene or operation too dangerous, 
inaccessible, inconvenient, fur direct 
viewing, R.C.A. has a special catalog 
supplement on industrial television 
equipment. Features only two units, 
a 10-in. viewing screen with remote 
optical focus and camera. Lists va- 
riety of uses for a number of in- 
dustries. 
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30 @ METAL CRUSHER. American Pul- 
verizer Co.’s metal turning crusher 
for reducing metal turnings to chips. 
Crushers available from 50-200 hp. 
and capacities from 2/2 to 10 tons/hr. 
of metal. The crusher gives faster 
handling of metal as well as making 
the product easier to briquet. 


31 @ DOUBLE-FLOW AQUATOWERS. 
A new Marley Co., Inc., double-flow 
cooling tower for intermediate cool- 
ing-water capacities. Features low 
silhouette fitting into current indus- 
trial designing of low, long build- 
ings. Simple geometrical design of 
tower adapts to concealment by ma- 
sonry, and double-flow method re- 
sults in low pumping head, open dis- 
tribution, complete air-water contact, 
and better maintenance and inspec- 
tion. 


32 @ FILTERS. A bulletin on vari- 
ous types of filters from the process 

uipment division of General Am- 
erican Transportation Corp. Covers 
auxiliary equipment, fabricating fa- 
cilities, rotary disc vacuum, rotary 
drum vacuum, rotary hopper vacuum 
dewaterer, rotary release pressure 
filter, sludge filters, solvent dewaxing 
filters, and how to select the type best 
suited for your purpose. Well illus- 
trated, gives standard sizes, weights, 
dimensions, general materials of con- 
struction, etc. 


33 @ MECHANICAL AIR SEPARATORS. 
Single and double Whizzer separators 
for classifying materials already in 
wdered form, is described in a new 
ulletin by the Raymond Pulverizer 
Division. The device separates fine 
products from the coarse and delivers 
a finished material with controlled 
particle size. May be used in a closed 
circuit with a pulverizing unit or an 
open circuit receiving feed from hop- 
pers, bins, screens, etc. Bulletin ex- 
plains a of operation, range 
of units, tables, specification sizes 
and dimensions, etc. In closed cir- 
cuit the oversized particles are re- 
turned to mill for regrinding. 
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34 @ RUBBER-LINED PIPE. A descrip- 
tion of the Raybestos-Manhattan, 
Inc., rubber-lined pipe. Also fittings 
and valves. Bulletin explains how 
lining is adaptable to most types of 
pipe—wrought steel, wrought iron, 
flanged, cast iron, etc. Size limita- 
tion is 1 in. I.D. Rubber-lined valves 
available from Ye to 14 in. Also de- 
scribes flexible rubber pipes. For 
use in chemical plants and process 
industries where corrosion and abra- 
sion is a problem. 


35 e SHEET FILTERS. For filtering 
practically any liquid in the chemi- 
cal, food, pharmaceutical and other 
industries, Hercules Filter Corp. de- 
scribes an industrial sheet filter in 
a new brochure. Has single spindle- 
type tightening device. Filter usually 
constructed of bronze but other 
metals available. End frames have 
been eliminated and can use any t 

of filter media. Four models avail- 
able with filtering surfaces available 
from 350 sq. ft. down to 442 sq. ft. 
Can be mounted on portable car- 
riages for wheeling into autoclaves 
for sterilizing. 


36 @ THERMOCOUPLES. New cata- 
log and data book from Wheelco 
Instruments Division which contains 
prices, applications, recommenda- 
tions and pertinent information on 
thermocouples. An extensive book 
of information, it covers practicaily 
every type of thermocouple in exist- 
ence, tells how to make thermo- 
couples, how to use them., etc. Con- 
tains many pages of calibration data 
on thermocouple use. 


37 @ KJELDAHL UNITS. A brochure 
on the well-known Kjeldahl diges- 
tion and distillation units. Describes 
an apparatus with a flask capacity 
from 6 to 24 flasks with either gas 
or electric heat. For the control or 
analytical laboratory with job to do 
on protein materials. Laboratory 
Construction Co. 


38 @ FILTER FABRIC SELECTION. From 
Equipment Development Co., Inc., 
a brochure titled, “A New Slant on 


Filter Fabrics.” Briefly it is a de- 
scription of highly twisted yarn fab- 
rics for use as filter fabrics. It ex- 
plains why these fabrics work, dis- 
cusses filtration as a whole and shows 
how the yarn construction helps for 
more efficient filtration. 


39 @ COOLING TOWERS. J. F. Pritch- 
ard & Co. equipment division new 
brochure on Cotospray cooling tow- 
ers. Units are delivered prefabri- 
cated and can be erected by one man. 
Charts in bulletin give capacities 
and tons of refrigeration, dimen- 
sional specifications and man-hours 
for assembly of some eighteen differ- 
ent towers. Sample problems given 
to help determine sizes, type of cool- 
ing tower needed for specific appli- 
cations. 


40 @ SCALE CATALOG. A 28-page 
condensed scale catalog from the 
Howe Scale Co. Handy reference 
showing a complete line of scales for 
industrial use. Includes a selection 
from a thousand scales and units dis- 
played weigh from %, oz. to 400 
tons. Not only covers industrial 
scales with automatic recording and 
controlling features but covers tank 
scales, fan-type counting-scales, postal 
scales, counter scales, sacking, hopper, 
floor, etc. 


41 FILTER PRESSES. An i 

data book on filtering ° 

Shriver & Co., Inc. Covers advan- 

tages of filter presses, their selection, 


tion of various dis- 
washing of filter cake, plus 
charts on the approximate cost of 
cast iron plate and frame filter 
presses, cast iron recess plate filter 
presses and wood filter presses. Quite 
a complete compendium of filter in- 
formation. 


pacity, 
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42 @ SULFUR FIRES. To combat haz- 
ard of sulfur fires, Ansul Chemical 
Co. issued a new bulletin covering 
special extinguishers for purpose. 
Recommends dry chemical extin- 
guishers. 


43 @ DIFFUSION PUMPS. Data sheets 


from Distillation Products Industries 
which describe and chart the char- 
acteristics of a m.c.f. diffusion pump. 
The pump is used for pressures less 
than 10-* mm. Hg. Data sheet pro- 
vides information on forevacuum, 
fractionation, speed, baffles, and in 
stallation. 


44 @ STEAM GENERATORS. A newly 
released bulletin by Clayton Mfg. Co. 
on self-contained steam generators. 
Either single or multiple units. Uses — 
forced recirculation which 
bulletin demonstrates by and © 
drawings. Operational data for in- 


dustrial processes is given. 


EQUIPMENT 


49 @ QUIKUPL. A stainless steel fit- 
ting for joining light-wall stainless 
tubing and pipe is announced jointly 
by Peter A. Frasse & Co., Inc., and 
Copper Alloy Foundry Co. The fit- 
tings have an internal groove ma- 
chined into the bore into which is 
fitted a synthetic sealing ~ By 
inserting the tube into the fitting 
against a shoulder and turning a 
small screw inserted in a clamp which 
is an integral part of the fitting the 
seal is made complete. Now avail- 
able as tees, couplings, ells and adapt- 
ers in 304 and 316 stainless. Good 
up to 275° F. for 150 Ib./sq.in. tub- 
ing. Engineering data and technical 
bulletin available. 


50 @ SARAN RUBBER. Description on 
use of Saran rubber for tank linings 
and other applications where cor- 
rosive problems are encountered 
available from Saran Lined Pipe Co. 
Contents include properties, com- 
prehensive listings of the resistance 
of Saran rubber to chemicals and 
solvents, and illustrations of many 
current uses. 


51 @ PRESS CHARGER. For charging 
the plastic molding machines with an 
accurate amount of plastic, Glen- 
garry Processes, Inc., have a new 
charging unit. Adjustable over a 
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range of Y2 oz. up to 80 oz. the 
charger uses a supply hopper and 
electric vibratory feeder, a weigh 
bucket mounted on a beam, and a 
solenoid-operated gate on the weigh 
bucket. Uses net weight in its op- 
eration and entire cycle is synchron- 
ized with that of the molding 
machine, 


52 @ PICTOGRAPH. For the engi- 
neer or draftsman required to make 
numerous graphic charts Chart-Pak, 
Inc., has introduced a new series of 
pictographs pressure-sensitive 
tapes. The tapes adhere to any ma- 
terial such as paper or cloth and are 
illustrated with standard statistical 
patterns of men, women, stacks of 
coins, bills, etc. Picture charts may 
be drawn simply by applying the 
tapes to the chart. 


53 @ VARIABLE-FLOW PINCHCOCK. 
Variabie-flow pinchcocks for use in a 
laboratory or pilot plant to control 
gas or fluid flow in rubber and other 
flexible tubings. Fisher Scientific 
Co. Will fit tubings up to % in. 
in diameter. Made of Castaloy. 


54 @ DEHUMIDIFIER. Dryomatic 
Corp. manufacturing an absorption- 
type package dehumidifier for use in 
laboratories and plants. Affords hu- 
midity control to as low as 15% in 
areas up to 10,000 cu. ft. Operates 
from —40° F. to +100° F. The unit 
uses a combination of activated 
alumina and silica gel. Works in 
cycles, dries for 2¥2 hr., vaporizes the 
absorbed moisture for 30 min. all 
automatically. 


55 @ ELECTRICALLY HEATED VALVES. 
Okadee Co. announces electrically 
heated valves. Designed to keep 
valve mechanisms clear of frost and 
ice in liquid and carbon dioxide 
lines at temperatures as low as —110° 
F. Heated-valve sizes range from 2 
to 6 in. with pneumatic, hydraulic, 
solenoid or manual control. Heating 
elements either 110- or 220-volt oper- 
ations. 


56 @ DUST COLLECTOR FABRICS. For 
use in dry separation equipment and 
dust collectors, Filtration Engineers, 
Inc., announce two Orlon weaves. 
For use with hot and corrosive ma- 
terials. Can be used at operating tem- 
peratures up to 300° F. and resist 
chemical attack by mineral acids, 
chlorine, oxidizing chemicals, etc. 


57 @ AUTOMATIC METER. A new 
Auto-Stop meter that automatically 
controls the quantity of industrial 


liquids fed into processes for batch- 
ing operations is new with Neptune 
Meter Co. This is shown in a new 
catalog by the company which lists 
more than thirty different types of 
meters for industrial use. All are the 
positive-displacement type and the 
catalog shows meters ranging from 
2 to a 1000 gal./min. with tempera- 
tures up to 250° F. and pressures up 
to 500 Ib./sq.in. On Auto-Stop meter, 
the tripping mechanism is actuated 
by push buttons, and the meter, after 
being cleared, automatically stops at 
the indicated amount. 


58 e TUFCLAD. Lapp Insulator Co., 
Inc., is now making a new line of 
chemical porcelain armored with 
fiberglass-reinforced plastic. Trade- 
named Tufclad, the Lapp line in- 
cludes valves, piping, and other 
equipment all protected by multiple 
layers of fiberglass woven cloth im- 
pregnated with a phenolic resin. 
Available on the complete Lapp 
standard line. 


59 @ HYDROTORQUE. A_ hydraulic 
positioning control system for high 
accuracy at remote distances has been 
announced by the Farris Hydro- 
torque Corp. For use in industrial, 
refinery and chemical fields, the de- 
vice will automatically position 
valves, metering nozzles, etc. Will in- 
dicate level, flow, static pressure, 
temperature, etc., with only a cali- 
bration of dials to custom require- 
ments. 


60 @ MINIATURE MODELS. Miniature 
indicators for liquid level and valve 
position, which occupy a minimum 
panelboard space, have been devel- 
oped for the line of graphic panel 
instruments produced by Minne- 
apolis-Honeywell Regulator Co. In- 
dicators give the illusion of liquid 
level by using a colored metal tape 
behind the scale. 


61 @ BUTTERFLY VALVE. A pneumati- 
cally operated butterfly valve for 
control of air, water, or steam flow 
is new with Minneapolis-Honeywell 
Regulator Co. Operates on a con- 
trolled air pressure range to 15 Ib./ 
sq.in. Adjustable mechanical stops 
provided on the motor enable wing 
rotation to be limited for special 
applications. Size 1% to 6 in., maxi- 
mum operating temperature 250° F., 
maximum pressure 20 Ib./sq.in. 


62 @ SPRAY NOZZLES. A new group 
of spray nozzles has been developed 
hy Spraying Systems Co. For heavy- 
duty industrial applications, the line 


is of large capacities. Orifice diam- 
eters of better than 5 in. can pass 
solids as large as 2Y¢ in. Capacity is 
1550 gal./min. at 10 lb./sq.in. 


63 e FLOW COLORIMETER. Beckman 
Instruments, Inc., have developed a 
flow colorimeter for analyzing and 
controlling flowing or static streams 
in liquid or gaseous processes. Uses 
light beams passing to a reference 
phototube and another passing 
through the flowing sample to a 
measuring phototube and comparing 
variations in light intensity. For 
maintaining continuous color con- 
trol in beverages, electroplating, for 
monitoring gases, dyebath analysis, 
controlling bleaching solutions, etc. 


64 @ MOISTURE INSTRUMENT. An in- 
strument for testing moisture content 
in nonmetallic dry granular material 
is new with Moisture Register Co. 
Electronic in operation, the unit in- 
cludes a hydraulic press in which the 
sample is placed, compressed and a 
range box inserted at the base of the 
measuring cup. The moisture con- 
tent is read on a microammeter lo- 
cated on the master measuring unit. 
Lightweight, portable, can be used 
either for production line testing or 
field checking of samples. 


65 e@ AIR FILTER. Mine Safety Ap- 
pliances Co. with a new Ultra-Aire 
space filter. Filters will remove 0.3u. 
The unit comes in air fiow sizes of 
50, 500, and 1000 cu.ft./min. 


66 @ PRIMING INDUCTOR. For cen- 
trifugal pumps which do not have 
their own self-priming devices Nagle 
Pumps, Inc., have developed a prim- 
ing inductor. For pumps situated 
above water level it is basically a 
water operated jack, its purpose be- 
ing to fill the entrance pipe with 
liquid so as to initiate pumping. For 
use with horizontal shaft pumps. 
Made to fit entrance pipes from 142 
in. to 18 in. 


67 @ PORTABLE EMERGENCY SHOW- 
ERS. A line of mobile emergency 
showers for transfer or installation at 
point or points of hazardous opera- 
tion is now being made by Logan 
Emergency Showers, Inc. Couplings 
for connection to water system on 
each unit. Showers are on rolling 
casters, has four overhead sprays, 
four bottom sprays directing water 
upward, and two special sprays for 
eyes and face. Entered from either 
side, valve is actuated by swinging 
gate. For use also in pilot plants 


where temporary processing equip- 
ment is installed. 
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The Answer to Your Centrifugal Problems can be found in this 


Complete line of Sharples Continuous Centrifuges 


NOZLIJECTOR 


Solids are con- 
tinuously dis- 
charged from 
the fice type 
bow! of this 
efficiency cen- 
trifuge which is 
widely used for 
separation of two 
immiscible liquids 
containing solids, 
or for the con- 
centration of 
solids in a liquid 
phase 


@ CLARIFY LIQUIDS 


@ CLASSIFY SOLIDS BY PARTICLE SIZE 


@ DEHYDRATE OR RECOVER CRYSTALS 


SUPER 
CENTRIFUGE 


Highest centrifugal 
force 
available (13,200 x G) 
is developed by this 
tubular bowl con- 
tinuous centrifuge 
Easy to clean, it can 
be used to separate 
immiscible liquids 
with small differences 
in specific gravity or 
to effectively clarify 
liquids. 


DV-2 
CENTRIFUGE 


Solids ranging from 
firm to slimes and 
sludges are handled 
by this versatile 
centrifuge, with con- 
tinuous solids dis- 
charge. Available as 
a clarifier to remove 
solids from liquids; 
or @ separator, to 
‘tis two immuis- 
cible liquids in the 
presence of solids. 


D-2 
CENTRIFUGE 


This dise type, 
continuous cen- 
trifuge utilizes 
the stratification 
principle which 
is most effective 
in concentratin 
a liquid or soli 
hase suspended 
in another liquid. 


SUPER-D-H YDRATOR 


An extremely 
flexible, com- 
pletely automatic 
centrifuge for 
recovery and 
dehydration of 
crystals. Effi- 
ciently handles 
slurries with 15 
to 60% solids. 
Each step of feed, 
rinsing and dry- 
ing can be individ- 
ually controlled. 


High capacity centrifuge for removal 
of solids from liquids . . . clarification 
of liquids classification of solids. 
Available in two bowl types to 
accommodate wide range of solids 
consistencies. 


SHARPLES 


THE SHARPLES CORPORATION «+ 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 


NEW TORK © BOSTON © PITTSBURGH ¢ CLEVELAND ¢ DETROIT » CHICAGO © NEW ORLEANS © SEATTLE © LOS ANGELES © SAN FRANCISCO + HOUSTON 
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@ REMOVE OR RECOVER SOLIDS FROM SLURRIES 
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High Temperatures Without Pressure 


Merrill Process System of circulating hot oil 
many advantages 
Product temperatures up to 
550°F. Far beyond the range of 
steam at corresponding pressure. 
Merrill Process pressures negligi- 
ble as system is vented to the 
atmosphere. No danger from 
direct fire. No offensive odor. 
Thermostatic control keeps heat- 
ing oil within a few degrees, high 
enough to do job without over- 
heating batch. 


Versatile, Dependable, 
and Safe 


Versatile—may be used on 
Product equipment that cannot 
stand pressure such as glass- 
lined vessels. 

Dependable—just smooth, 
quiet, delivery of heat. Any 
quantity, any temperature. 35 
years of sound, pructical experi- 
ence guarantees that. 

Safe—all the time. Steel pumps, 
steel valves, steel fittings and 
accessories, extra heavy at that. 

- Insurance companies like these 
Penstock Asphalt Coating features. 


Write for Bulletin No. 145 
Complete line of Jacketed Fittings too: Bulletin 152 


Parks-Cramer Company 
ENGINEERING, MANUFACTURING, AND INSTALLING 
FITCHBURG, MASSACHUSETTS 


CANDIDATES FOR MEMBER- 
SHIP IN A.1I. Ch. E. 


The following is a list of candidates for the designated 
grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch. 

Objections to the election of any of these candidates 


from Active Members 


will receive careful consideration 


if received before August 15, 1952, at the Office of the 


APPLICANTS FOR 
ACTI 
MEMBERSHIP 


Allen, William H., Trona, 


alif. 


| Armstrong, R. M., West 


Chester, Pa. 


| Bearry, E. C., Hercules, 


Calif. 


Bedingfield, Charles H., Jr., 


Claymont, 


| Bennett, Martin Toscan, 


Washington, D. C. 
Bernath, Louis, Schenec- 
tady, N. Y. 


| Biehm, C. L., Lee Angeles, 


Calif. 


Bobalek, Edward G., 


Cleveland, Ohio 
Bornwasser, Louis P., 


Louisville, Ky. 


Butler, Wilburn J., 


Houston, Tex. 
Buttrill, Carrol O., Beau- 


mont, Tex. 


John M., New York, 


RLOWRITE [CONDENSER TUBE 


PATENT NUMBERS 14279149 


Low Cost Protection 


for 


HEAT EXCHANGER TUBE ENDS 


In the past 31 years Conseco has provided millions of 
Flowrites for tube inlets of heat exchangers operating 
in all industries and all applications. Tube inlets be- 
come eroded and worn long before the remainder of the 
tube, and by reinforcing the inlets it is possible to 
increase the effective tube life many times. 
Flowrites—made of the same metal as the tubes— 
are available in any length, diameter or gauge. They 
are easy to install and remove by unskilled help. When | 
Flowrites themselves become worn (instead of the tubes!), 
just pull them out and install new, longer Flowrites. 
Get the facts from the 8- Flowrite “proof” 
booklet, available upon — 


CONDENSER SERVICE & ENGINEERING CO. 


Calise, V. J., Long Beach, 
N.Y 


Carpenter, James K., 
Pittsburgh, Pa. 


| Chastant, Waldo J., 


Springhill, La. 
Clancy, J. J., Westwood, 


Mass. 
_ Cline, Robert M., Luckey, 
hio 
| Codwise, Philip W., 


Kenmore, N.Y. 
Colker, David A., Phila., 


| Pa. 
Curtis, L. A., Lake Jackson, 


Tex 
Dillon, Ira G., Chicago, 


| Dykstra, Robert A., 


St. Louis, Mo. 
Edwards, George Griffith, 
Amherst, Va 
Eggimann, Ervon J. H., 
Westfield, N. J. 
Gaston, Maurice, Affton, 


Goughnour, A. A., 
Charleston, W. Va. 

Hegedus, John B., Charles- 
ton, W. Va. 

Higby, Floyd D., Jr., 
Buenos Aires, Argentina 


| Secretary, A.ILCh.E., 120 East 41st, New York 17. 


Jonnard, A., New York, 


Keesling, Harold E., Kings- 
port, fenn. 

Les Veaux, John F., 
Middleport, N. Y. 

Roy F., Niagara 
Falls, N. Y. 

Maurer, John J., Jr., 
Corpus Christi, Tex. 

McKay, Neil H., Jr., 
Houston, Tex. 


Miller, Wilbur A., Dover, 
Del 


Osterloh, Frederick V., 
Freeport, Tex. 

Pierson, John E., Charles- 
ton, W. Va. 

Raetzsch, Carl W., Corpus 
Christi, Tex. 

Remsen, Irving B., Pitts- 
burgh, Pa. 

Rogers, Edgar A., Chatta- 
nooga, Tenn. 

Ruhlen, Stafford L., 
Penns Grove, N. J. 

Sapp, Alva C., Elkton, Va. 

Schwabland, George A., 
Alexandria, Va. 

Schwartz, 
Brooklyn, N. 

Sharps, G. V., 
W. Va. 


Shemilt, L. W., Vancouver, 
. C., Canada 

Slack, Charles N., 
Charleston, W. Va. 

Smatko, Joseph S., 
College Park, Md. 

—_ John T., Chicago, 


Smith, og K., Charles- 
ton, 

Thompson, C. E., Newport, 
Del. 


Tymstra, Francis T., 
Houston, Tex. 

Weaver, Morrison E., 
Charleston, W. Va. 

Webber, R., Avon 
Lake, 

White, F., Medford, 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Boedeker, Edward R., 
Hook, Pa. 


Hopkins, H. S., Charlest 
Vv 


W. Va. 
Horvath, Donald S., 
Oreland, Pa. 
Huguet, J. H., Baton 
Rouge, 
Hyslop, James M., Niagara 
s, 


Willard L., 
M1. 
Chase: Jen Pu, St. Louis, 


Clark, Kenneth A., Rich- 
land, Wash. 

ae. Leon, Arlington, 


a. 
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FISCHER & PORTER. 


FLOW RATIO 
CONTROLLER 


Compact size with extreme precision of 
ratio control are important advances in 
this new Fischer & Porter Ratio Con- 
troller. Designed specifically for flow 
ratio control, it makes a perfect combi- 
nation teamed with the new P-4 Pneu- 
matrol and highly accurate Flowrator 
meters or variable area cell kinetic 
manometers, to assure accurate and de- 
pendable ratio control of fluids, gases or 
slurries. Receives pneumatic, electrical, 
or electronic primary signals. Review 
the features below, then mail the handy 
coupon for complete engineering and 
application data. 


Interior view of standard Ratio Controller with 
ic set ratio adjust 


CHECK THESE FEATURES: 


Extreme flexibility 

e Wide range of ratio 
@ Based on linear scale primaries 

@ Control deviation indicator 

@ Primary element fully corrosion resistant 
@ Highly visible ratio setting dial 


Chemical Engineering Progress 


The compact stack mounting of the new 

Ratio Controller atop the P-4 Pneumatrol 
provides the simplest possible unit. 

The large (1014 4” scale) ratio setting dial 
permits precise ratio settings which are visible 
through the door. F& P wide range, linear scale 
primaries give extreme range of ratio 

(6:1 to 1:1 to 1:6; a total of 36:1). 


[FLOWRATOR 
FISCHER & PORTER COMPANY 


170 COUNTY LINE ROAD, HATBORO, PENNA. 


Please send me by return mail complete information on your new 
Ratio Controller. 


NAME____ POSITION. 
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je 
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@ 1717 Extremely compact stack mounting any. TA | 
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CANDIDATES 
a handy guide (Continued from page 44) 


o f me t er i n g Maki, Teuvo R., Houghton, Mich. 


Procopi, John, Phila., Pa. 


and proportioning pumps Stanford, George W., New York, N. Y. 
APPLICANTS FOR 
JUNIOR MEMBERSHIP 
Albright, Melvin A., Ft. Bragg, N. C. 
Anderson, James Ellis, Jr., Binghamton, 


Arnold, Richard A., Columbus, Ohio 
Auro, Michael A., Danville, Pa. 

Bach, W. E., Cincinnati, Ohio 

Beattie, Robert D., Arlington, Mass. 
Belz, Lawrence H., Havertown, Pa. 
Boehm, Elmer L., Cincinnati, Ohio 
Bolduc, Oliver J., Chicago, Ill. 
Bourgeois, H. S., Jr., Houston, Tex. 
Bournia, Anthony, Richland, Wash. 
Breen, William C., Houston, Tex. 
Bucklin, R. W., Houston, Tex. 
Chapman, Kenneth G., Brooklyn, N. Y. 
Colton, John White, New York, N. Y. 
Corkill, Donald, Borger, Tex. 

Daly, Richard J., St. Louis, Mo. 
Davenport, Gordon E., Texas City, Tex. 
Detamore, Loren A., Jamaica, N. Y. 
Dewa, Alexander J., Detroit, Mich. 
Eatman, Phelan W., Houston, Tex. 
Curt G., New Brunswick, 


In this new catalog and pump selection manual for 
Hills-McCanna U Type Metering and Proportioning Posen, Brenn, ¥. 
Pumps is all the information, including prices, for the Geile, Sn. W. Vo. 


selection of exactly the right pump for handling over Oxgte, Gate Torres, Coimbra, 

300 substances. Clearly and concisely, this helpful Sinan — ee 
booklet gives all the necessary information and specific Gibbs, George B., Houston, Tex. 

: eee Gilchrist, M. Clare, Waynesboro, Va. 
recommendations to cover the vast majority of needs oor 
that can be filled with a Hills-McCanna “U” Type Pump. W. Va. 

Graeber, C. R., Jr., Charleston, W. Va. 
If your operations involve the metering or proportioning Gregory, Vinton E. H., Agawam, Mass. 


of small volume flows, you will find this catalog a useful Hainbach, James J., Tulsa, Okla. 


Hatch, Dwight E., Oak Ridge, Tenn. 
addition to your files. We will be pleased to send you Scotia, 


a copy on request. HILLS-McCANNA COMPANY, Heyson, George H., Charleston, W. Va. 
2438 W. Nelson St., Chicago 18, Illinois. Robert C., Chattansage, 


Hoerner, George M., Jr., Parlin, N. J. 


are reciprocating, variable stroke, 

mechanical drive units with max- Katz, Bruno, New York, N. Y. 

imum capacities ranging from Klohr, James W., Whittier, Calif. 

0.10 to 24 gph. per feed. One, Knabel, Arthur J., Charleston, W. Va. 

two, three and four feed assem- | Koubek, Francis J., Baltimore, Md. 

blies are available. Operating K ni G Se. Lewis, Me. 

pressures up to 5,000 psi. A four 

feed unit is shown at the left. Lamoree, D. J., Hazel Crest, Ill. 

Leonard, Silvester C., Lawrence, Kan. 

Lombard, Charles R., Jr., Fredericks- 
burg, Va. 

Lunn, Richard Harry, Pittsburgh, Pa. 

Lux, M. P., Monsanto, Iil 


Hi LL S Mc AN NA Lyon, Ward L., Richland, Wash. 


Manchester, Andrew H., Wilmington, 


metering and proportioning pumps William H., Baltimore, Md. 


Also Manufacturers of: Saunders Patent Diaphragm Valves Marti, Geeege, Je., Baton Rouge, Le. 
force Feed Lubricators ©*© Magnesium Alloy Sand Castings (Continued on page 50) 
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NICKEL ALLOYED STEELS, heat treated to high strength values, provide 


parts of extreme h 


ug and y for Harwood intensifiers, such as this 


typical installation in a glass company’s plant. 


NICKEL ALLOYS HELP MAKE 


TYPE 316 STAINLESS IS UTILIZED in Foxboro in- : 
dicators and recorders such as these slown in use with a © 


Harwood intensifier. 


COMMERCIALLY PRACTICAL 


New equipment and processes now being used to explore pressures © 
up to 10,000 ATMOSPHERES | 


Heretofore, the highest pressure commonly used indus- 
trially has been for ammonia synthesis at 1000 atmos- 
pheres... 

Now, however, pressures of at least 2000 atmospheres 
(30,000 p.s.i.) already serve production processes, and 
apparatus capable of delivering pressures up to 200,000 
p.s.i. has been designed by the Harwood Engineering 
Company of Walpole, Mass. 

To secure essential stamina in high pressure heads of 
intensifiers, as well as in reactor vessels, valves and fit- 
tings, Harwood engineers fabricate these parts from 
nickel alloyed steels. The types used, include S.A.E. 
4340 (nickel-chromium-molybdenum), S.A.E. 3250 
(1.75% nickel-chromium ) and S.A.E. 3450 (2% nickel- 
chromium ). They are heat treated to very high strength, 
with a double tempering treatment after liquid- 
quenching. 

Developed for use in conjunction with these new high 
pressure units are instruments for measurement and 
control... produced by The Foxboro Company of Fox- 
boro, Mass. 

Foxboro utilizes a nickel-alloyed stainless steel, Type 
316, containing 179% chromium, 12% nickel and 3% 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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molybdenum, for heavy duty helical elements that de- 


termine pressures up to 80,000 p.s.i. Results in service 
prove the correctness of choosing Type 316, since it 
resists corrosion from a wide variety of chemicals, and 
combines good spring qualities with high yield point 
after suitable cold working. 

Harwood, also, uses Type 316...sometimes to line 
composite tubes, and sometimes as solid tubing to han- 
dle pressures up to 200,000 p.s.i. 

Thus, nickel-containing alloys play an important 
role in developments which may open new industrial 
frontiers. 

At present, the bulk of nickel produced is being di- 
verted to defense. Through application to appropriate 
authorities, nickel is obtainable for the production of 
engineering alloy steels for many end uses in defense 
and defense supporting industries. Counsel and data on 
alloys containing nickel, for your present or future proj- 
ects, may be had for the asking. We invite your inquiries. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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porosity... 


Adding ‘Safety lVeg" to match heads 


Incorporated in match heads, Celite Mineral 
Fillers act as “safety valves” to prevent flare-up 
and kill afterglow. 


The explanation: Celite’s porous, thin- 
walled, cellular structure gives the match heads 
grealer porosity so that gas can escape quickly. 

Celite’s abrasive quality also makes matches 
easier to strike. And from a production line 


standpoint, the high absorptive capacity of 
this mineral filler speeds drying of the match 
heads . . . while its light weight and great bulk 
improve dispersion of the active chemicals in 
the match head mix. 


These and other unusual physical character- 
istics adapt Celite Mineral Fillers to numerous 
industrial uses. 


THESE CELITE PROPERTIES BENEFIT MANY TYPES OF PRODUCTS 


Celite’s minute, chemically inert particles have 
an irregular, spiny structure—which accounts 
for their efficiency as a delicate abrasive in pol- 
ishes, as a flatting agent in paints, varnishes and 
lacquers, and as a reinforcing agent for paint 
films and rubber products. 

Celite powders can absorb up to three times 
their own weight of liquid— making them par- 
ticularly useful in preventing ammonium 
nitrate crystals from caking, in absorbing liquid 
insecticide poisons, and in controlling pitch 
trouble at paper mills. And because the loose 


weight of Celite averages only 10 pounds per 
cubic foot—these mineral fillers are employed 
to fluff-up insecticide dusts and household 
cleansers, as well as to extend white pigments 
in paper manufacture. 

If you are looking for the “extra something” 
to lift your product above competition— 
at no extra cost—why not discuss your prob- 
lem with a Johns-Manville Celite Engineer? 
For further information and samples, write 
Johns-Manville, Box 60, New York 16, N. Y. 
In Canada: 199 Bay Street, Toronto 1, Ontario. 


CHECK LIST OF 
PRODUCT BENEFITS 
OBTAINABLE AT LITTLE 
COST WITH CELITE 
MINERAL FILLERS 


e Added Bulk 

e Better Suspension 

e Faster Cleaning Action 

e Greater Absorption 

e improved Color 

e Better Dielectric 
Properties 

e@ More Durable Finish 

e Increased Viscosity 

e Elimination of Caking 

e Higher Melting Point 

e Better Dry Mixing 

e Improved Dispersion 

e Greater Porosity 


Johns-Manville CELITE 


MINERAL FILLERS 
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TREASURER’S REPORT 


The accompanying balance sheet and statement of income and surplus have been examined by F. W. Lafrentz 
& Co., certified public accountants of 100 Broadway, New York, N. Y., and in their opinion present fairly the financial 
position of the American Institute of Chemical Engineers at December 31, 1951, and the results of its operations for the 
year then ended, in conformity with generally accepted a:counting principles applied on a basis consistent with that 
of the preceding year. 


C. R. DeLONG, Treasurer. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
COMPARATIVE BALANCE SHEET 
DECEMBER 31, 1951 and 1950 


1951 1950 
Current Assets: 
‘ Cash on hand and demand deposits ...... . $110,110.83 $115,214.70 
U. S. Government and other securities, at cost including ‘accrued interest } 
-4 and dividend (Total market value and redemption value 1951, 1 
$95,757.00; 1950, $74,450.50) 96,480.55 74,427.36 
Accounts Receivable 
Membership dues and entrance fees, less reserve for doubtful accounts..$ 1,478.50 $ 1,206.10 i 
Advertising, Subscriptions, ete 12,115.64 3,360.76 L 
Meetings advances .. ue ; 2,300.00 15,894.14 800.00 5,366.86 
Inventory, at cost 
Paper stock $ 10,390.10 $ 5,000.46 
Postage stamps . P 463.85 10,853.95 538.13 5,538.59 


$223, 339.47 


Total Current Assets $200,547.51 


Deposits at U. S. Post Office and United Air Lines, Inc . 8 ‘1.040 31 781.36 
Furniture and fixtures, at cost less depreciation ‘ 10,578.14 9,036.85 
Deferred charges 176.05 1,792.48 


Total . $245,433.97 $212,158.20 


Current Liabilities 


Accounts payable, printing and other expenses $ 11,431.24 $ 


Total Current Liabilities $ 11.431 24 


Deferred Income: 


Dues paid in advance $ 54,023.65 & 62,667.26 
Subscriptions . 10,337.69 2,584.76 
Other payments received in advance 1,887.22 66,248.56 ‘J 


2,041.40 77,293.42 


Reserves 


Chemical Engineering Education Fund 2304.44 1,912.21 
Student Meetings Fund 41.26 1.26 
Magazine Publication Program 26,614.90 29,050.60 17,873.91 19,827.38 


Surplus 138.703.57 107,963.14 


Total $245,433.97 $212,158.20 


COMPARATIVE STATEMENT OF INCOME AND SURPLUS 
FOR THE YEARS ENDED DECEMBER 31, 1951 and 1950 


1951 1950 


INCOME 
Membership dues . 452 47 $146,712 31 
Less allocation to subscriptions @ #4.50 per member $112,727.93 44,924.18 $101,788.13 
Membership entrance fees ws 14,030.00 11,485.00 
Magazine income 206,988.18 158,173.78 
Emblems, binders and preprints, net sales 1,748.00 1,347.12 
Surplus from Meetings .. . 2,270.96 3,219.00 
Interest on investments . ‘ 1,500.65 1,765.50 
Total Income $338,665.72 $277,778.53 
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EXPENSES: 


General Operations: 
Magazine expenses 
Salaries and commissions 
Employees Retirement Plan .... 
Federal Insurance Contributions 
Rent and electricity 


$109,064.07 
++ 121,784.65 


Printed material, stationery, postage, telephone and telegraph 


Meetings expenses, travel, etc. 
Auditing 

Provision for depreciation 
Provision for doubtful accounts— Dues 


Other Expenses: 
Sundry publications, cost less sales 


~Furniture and fixtures .. 


3, ‘990.81 


$ 2,638.32 


Participation and contrib 
Committee expenses 


Total Expenses . 


Net Income for year 
Surplus at beginning of year . 


Deduct: 
Reserve for Magazine Publication program 
Less net expenditures to end of year .... 


Magazine Publication program .............«. 


Surplus at end of year . 


7,889.91 


$291,294.39 


$ 85,698.47 


$242,547.44 


5,580.41 


299,184.30 


$ 39,481.42 
125,837.05 


$165,318.47 


$248, 127. 85 


29, 650.6: 68 
96,186.37 


$125,837.05 


$ 55,000.00 
28,385.10 


$ 26,614.90 
$138,703.57 


$ 17,873.91 


$107, 963.14 


Secretary’s Report 


S. L. TYLER 


HE June Meeting of the Executive 

Committee contained several impor- 
tant matters but, because these have been 
discussed quite thoroughly by mail and 
in person, it was not necessary to have 
a formal meeting of the Committee and 
therefore the actions reported were taken 
as a mail ballot. The Minutes of the 
Executive Committee meeting of May 
11, 1952, were received and approved 
and also the Treasurer’s report and bills 
for the month of May were approved for 
payment. 

The candidates for membership whose 
names appeared in the May issue of 
“C.E.P.” were elected to membership in 
the grades indicated. Forty-eight Stud- 
ent members were also elected. The fol- 
lowing Membership Committee appoint- 
ments were made: Sven England, repre- 
senting the Ohio Valley Section, J. R. 
Nelson, representing the Louisville Sec- 
tion and W. R. O'Keefe, Jr., represent- 
ing the Eastern Connecticut Engineers 
Club. William Licht, Jr., was appointed 
counselor of the student chapter at the 
University of Cincinnati to succeed R. S. 
Tour, and J. A. Gerster was appointed 
counselor of the student chapter at the 
University of Delaware to succeed L. W. 
Gleekman. O. T. Zimmerman was ap- 
pointed counselor for the recently ap- 
proved student chapter at the University 
of New Hampshire. W. C. Brock, R. 
Anderson Dye and W. H. Fulford were 
placed on the Suspense List because of 
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entry into the Armed Forces. We are 
pleased to report that H. A. Golle and 
P. W. Riegelhaupt have been removed 
from the Suspense List because of their 
return to civilian status. Thirteen resig- 
nations from membership were accepted. 

W. L. McCabe was appointed repre- 
sentative of the Institute at the annual 
meeting of the International Organiza- 
tion for Standardization held in New 
York City in June. 

The following Resolution was ap- 
proved and was sent to the family of 
the late Dr. Albert B. Newman: 


Albert B. Newman 


WHEREAS, the passing of Albert B. 
Newman in New York City, on May 9, 
1952, removed from the membership of the 
American Institute of Chemical Engineers 
a valued and respected member ; and 
WHEREAS, throughout the entire thirty- 
seven years of his membership he gave 
freely of his time in furthering the aims 
and objectives of the Institute; and 
WHEREAS, he had served the Institute as 
a director for the period 1936, 1937 and 
1938 ; and again in 1940, 1941 and 1942; and 
as vice-president in 1947; and as president 
in 1948; and 

WHEREAS. he served on many of the 
important committees of the Institute, par- 
ticularly as a member and later as chairman 
of the Chemical Engineering Education and 
Accrediting Committee; all of which serv- 
ice was of extreme value to the Institute 
and greatly appreciated; and 
WHEREAS. in his activity as educator in 
the field of chemical engineering he has 
contributed greatly to the advancement of 
the profession; 

THEREFORE BE IT RESOLVED, that 
the Council of the American Institute of 
Chemical Engineers records with a great 
sense of loss and sorrow his passing ; and 
BE IT FURTHER RESOLVED, that 
this Resolution be made a part of the Min- 
utes of the meeting and a copy sent to the 
family of the late Albert B. Newman. 
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CANDIDATES 
(Continued from page 46) 


Mattern, Robert V., Houston, Tex. 
Millen, I. William, Mattapan, Mass. 
Miller, Robert H., Niagara Falls, N. Y. 
Monroe, Ross R., So. Charleston, W. V. 
Newman, Blaine F., Chicago, /Ii. 
Null, Harold R., Knoxville, Tenn. 
O'Connor, Eugene H., Army Chemical 
Center, Md. 
O'Donnell, Neil B., Melrose, Mass. 
Oldenburg, John R., Edgewood, Md. 
Oliver, Earl D., Madison, Wis. 
Pearsall, John F., Houston, Tex. 
Phillips, Robert C., Cleveland, Ohio 
Potochnik, Frank S., Pittsfield, Mass. 
Price, Billy Glenn, Corpus Christi, Tex. 
em John M., So. Charleston, 
Remy, Edwin D., Baton Rouge, La. 
Richardson, Kenneth W., Jr., Akron, 
Ohio 
Rodrigues, James L., Springfield, Mass. 
Roe, George R., Amherst, Va. 
—_ James S., Army Chemical Center, 


Ryrholm, Robert W., New York, N. Y. 
Samples, John R., So. Charleston, 


W. Va. 
Sayles, Donald A., Buffalo, N. Y. 
Schrodt, Paul R., Louisville, Ky. 
Siegel, Henry 1., Brooklyn, N. Y. 
Smith, Charles W., Bainbridge, N. Y. 
Smith, John E., Webster Groves, Mo. 
Speed, David B., Chicago, Ill. 
Springmuhl, Carlos E., Gautemala City, 
Guatemala, C. A. 
Stelzer, Glenn 1., Elsmere, Del. 
Stonger, Donald L., Independence, Mo. 
Sturzenegger, Aus. Clifton, N. J. 
Styslinger, James R., New York, N. Y. 
Svoboda, Elvin V., Waco, Tex. 
ber omy Philip Seymour, Cleveland, 


Ohio 
Voelker, Clarence E., So. Charleston, 


. Va. 

Waina, R. I., Cleveland, Ohio 
Witter, William T., St. Louis, Mo. 
Work, Richard D., Berkeley, Calif. 
Wright, J. O. B., Chattanooga, Tenn. 
Zahl, Philip M., Midland, Mich. 
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rotary kiln 


Special Stainless Stee! Batch Dryer for 
Drying Fine Catalyst without Dust Loss. 


Two Complete Drying Systems, Con Be 
Operated Together—or Singly—to Meet 
Varying Plant Requirements. 


economical, smoke-free disposal | 


@ Still and tank bottom sludge, office waste, rags, food waste from 
cafeterias and other oil refinery, industrial or commercial wastes can be 
disposed of easily in a rotary kiln like the unit above. Material to be 
burned is raised in the skip bucket and fed into the kiln with a specially 
designed feeder. The kiln is brick lined. It is rotated with a variable 
speed drive so the burning time can be altered to meet changing require- 
ments. Ashes are collected in the brick chamber, and can be removed 
either manually or mechanically. The unit has an auxiliary oil burner for 
use when the materials are not readily combustible. Consult Bartlett- 
Snow on your next drying, cooling, calcining, or other heat engineering 
problem. Our wide experience can save you time and money! 


ens! 


“Builders of Equipment for People You Know” 
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guides to 
the proper selection of 


Spray nozzles 


You'll find Binks Spray Nozzle 
Bulletins full of helpful informa- 
tion on correct nozzle applica- 
tions, and on selecting proper 
capacity. Drop us a card te 

us which of the following bul- 
letins you need. No obligation, 
of course. 


10) Saat end medium cpacty 
Rotojet nozzles for air washing as 
well as applying rust-proofing, 
cleaning, and rinsing solutions to metal 
surfaces. Hollow-cone spray pattern. 


Noma or 


spraying operations. 

Medium and large capacity 
Rotojet nozzles for chemical 
processing, metal cleaning and treating. 

Large capacity ene pice 

Rotojet nozzles for use where a large 
volume of liquid is handled...spray 
ponds, water cooling. 


[BULLETIN 14) Nozzles for metal cleaning 


operations. 
Pneumatic Atomizing 
Nozzles for humidifying and spraying 
water, chemical solutions, oil, etc., in a 
completely atomized form. 
79) sprotte Non 
vane-type, producing uniform, full-cone 
spray for industrial processes such 
as air and gas washing. 
Atomizing Nozzles for 
maximum fluid breakup in applications 
requiring diffusion of liquids. 


MANUFACTURING CO 
A COMPLETE LINE OF COOLING TOWERS - SPRAY NOZZLES 


3114-32 Carroll Ave., Chicago 12, Illinois 
REPRESENTATIVES IN PRINCIPAL CITIES | 
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| about one 


LOCAL SECTION 


ST. LOUIS 


The annual inspection trip was made 


| May 24. The Owens-Illinois Glass Co., 


Alton, Ill, was host to the Section. A 
total of 71 members and guests took 


| part in the trip, including 24 ladies. 


A plant inspection was preceded by a 


| 25-min. color-sound film, a composite of 


scenes from various Owens-Illinois 
plants, showing the manufacture of glass 
closures, and cartons. The film 
also explained the careful testing and 
control procedures which characterize 
the operations of these plants, as well as 


| the research being done to improve and 


develop products. The plant trip lasted 
and one-half hours, during 
which time the group saw the glass fur- 
naces and several types of bottle-making 
machines. 


Reported by D. S. Weddell 
NORTHERN CALIFORNIA 


Approximately eighty-two 
and guests, present at the May 19 meet- 


ing at the Engineers’ Club in San Fran- | 
cisco, heard George S. Smith, of the U.S. | 


Western Regional Research Laboratory, 
discuss “Application of Steam Injection 
in Heating and Concentration Proc- 
esses.” Mr. Smith described the results 
of research on the problem of heating 
materials at high temperatures for short 
periods of time followed by rapid cool- 
ing. This operation is of great impor- 
tance in the food processing industry. 

Reported by D. F. Rynning 


SOUTHERN CALIFORNIA 


Eighty-six members and guests at- | 
dinner | 
meeting held at Old Dixie Barbecue, in 


tended this section’s monthly 
Los Angeles, June 17. 
was W. Sandham, 
neer for the General Petroleum Corp., 
who discussed “The 1952 Mobilgas 
Economy Run and Driving Techniques 
to Improve Gasoline Mileage.” He ex- 
plained what an enormous undertaking 


The guest speaker 


| the Mobilgas Economy Run represents. | 
tele- | 
refueling crews, checkers, | 


Portable gas stations, flagmen, 
phone men, 
timers, car patrols, equipment mover, 


and weather experts were a part of the 


| more than 800 people who had to be | 


transported, housed and boarded at var- 
ious locations along the 1415 mile three- 
day run. 

The purpose of the annual contest is 


| to provide an impartial, practical test of 
new model automobiles under exactly the 


same conditions the average motorist 
experiences. 


Reported by Gale S. Peterson | 


(More Local Section on page 54) 
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 WYSSMONT 
| ¢ OMPANY 


31-O4E Northern Boulevord 


Long Island City 1, N.Y 


automotive engi- | 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL e ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and Gen- 
eral Plate Fabrication manufac- 
tured with trained personnel and 
up-to-date equipment. Our Engi- 
neers will assist in designing to 
meet your requirements. 


Good Design — Right Material — 
Expert Workmanship at a Fair Price. 
HEAT EXCHANGERS A SPECIALTY 
Fabricators and Designers for More 

Than 30 Years 
Use cur juable new Bulleti 
handy reference 


rtial analysis 
lor Unfired Pressure 


ide . contains 
1950 AS.M.E. Code 
Vessels. 


DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA. 


STEEL & ALLOY PLATE FABRICATION 
HEAT EXCHANGERS 
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For Men Who 
Specify, Buy or Use 
Reciprocating Pumps 


Ste 125 hp 


Tear out this coupon NOW! Send for these Aldrich Data Sheets 


These 2-color data sheets give full details of design and construction, including 
dimension and sectional drawings, performance data and pump specifications. 


CHECK THE ONES YOU WANT—ONE OR AIL! 
Aldrich Pump Applications Be sure to fill in your name and address. Then 
mail this coupon to: The Aldrich Pump Company, 


. include handling of caustic solu- Allentown, Pa. 


tions, fatty acids, nitric acid, acetic acid, 
aqua ammonia, anhydrous ammonia, 
and liquids encountered in petroleum 
refining, petro-chemical, and other 
industries. 


— 


THE PUMP COMPANY of the 


20 GORDON STREET * ALLENTOWN, PENNSYLVANIA | Levee! How Sump 


. Bolivar, N. Y. Buffalo . Cricago . Cincinnati Cleveland Denver . Detroit 


Jacksonville . New York . Omaha . Philadelphia Pittsburgh Portland, Ore. 
San Francisco Spokane, Wash. © Syracuse Tulse Export Dept: 751 Drexel Building Phila. 6, Pe 
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PROCESS PUMPS for Liquips 


at HIGH TEMPERATURE and HIGH PRESSURE 


The pumping of corrosive and/or abrasive liquids at 
high temperatures and pressures requires design techniques 
beyond the capabilities of most pump manufacturers. 


Lawrence engineers have specialized in this difficult field 
for over 80 years and can offer you the benefits of their 
broad experience. 


Typical of Lawrence advanced engineering is the process | 
pump illustrated, made from corrosion-resistant metals with | 
packing box and bearing housing both water cooled. Note | 
also the clean-cut appearance and accessibility of the princi- 
pal components. 


If you have a difficult pumping problem, write us the 
pertinent details. No obligation. 


LOCAL SECTION NEWS 


(Continued from page 52) 


NEW ORLEANS 


The 1952 “Year Book of Registered 
Professional Engineers and Land Sur- 
veyors” of the Louisiana Board lists 
those registrants who were licensed to 
practice as of Feb. 1, 1952. In the three 
general classifications the totals are: 

a. Professional Engineers ...... 2657 

b. Land Surveyors 

c. Civil Engineers as Public Em- 

ployees * 


* Civil engineers fully registered in that 
branch are included in (a) whereas classi- 
fication (c) covers public employees who 
were allowed to register in that category 
only during the first year of operation of 
Act 73 of 1950; they do not have the full 
qualifications for registration normally re- 
quired for registration as civil engineers. 

Of the 2657 licensed in the various 
branches of professional engineering, 
238 or 9.0% are licensed to practice in 
chemical engineering. Of these 238, the 
majority are registered in chemical engi- 
neering alone but several are registered 
in other branches also. The breakdown 


| of the 238 licensed chemical engineers in 


this respect is as follows: 
In Chemical Engineering (alone). 209 
In Chemical and Mechanical ..... 
In Chemical and Petroleum 
In Chemical and Civil 
In Chemical, Mechanical and Elec- 
trical 


Of sixty-seven members of the New 
Orleans Section, thirty-one or 46.3% are 
registered in Louisiana. Of the fifty-one 


| members working or living in the City 


LAWRENCE 


MACHINE & PUMP CORPORATION. 
375 MARKET STREET, LAWRENCE, MASS. | 
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of New Orleans twenty-eight or 54.9% 
are licensed. 

In the engineering branches the li- 
censed members of the New Orleans 
Section number as follows: 

In Chemical (alone) ............. 26 

In Mechanical (alone) 

In Chemical and Mechanical 

In Chemical, Mechanical and Elec- 

trical 


There are other A.1.Ch.E. members 
in Louisiana who are in other sections 
and many who do not belong to any 
section. 

Statistics Prepared and Reported by 

Henri J. Molaison 


DETROIT 
Effective July 1, officers are: 
L. R. Chrzan 
J. W.. Shier 
Secretary T. J. Carron 
Treasurer... R. C. Rogge 
Members-at-Large, Board of Directors 

D. L. Miller, R. E. Cavanaugh 
Reported by T. J. Carron 
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ROCHESTER 


The final meeting of the 1951-1952 
season was the annual banquet held May 
4, 1952, at Lorenzo Restaurant, with 
approximately 125 people attending. 

The year’s activities were reviewed 
by Irving Siller, secretary. 

Officers for the 1952-1953 season 
were elected as follows: 


Chairman—R. R. Ross, Eastman Ko- 
dak Co. 


F. Kaiser, Eastman 


Treasurer—J. M. Lindsley, Eastman 
Kodak Co. 

Directors—F. W. Kunkel, Eastman 
Kodak Co.; E. K. McLean, Distilla- 
tion Products Industries 


A. P. Colburn, of the University of 
Delaware, speaker of the evening, talked 
on “The Expanded Roll of the Engineer 
Today.” Dr. Colburn discussed the man- 
ner in which engineers and businessmen 
could contribute to the cause of world 
cooperation and world peace. 

Reported by Irving Siller 


The last meeting of the year 1951- NIAGARA Aero HEAT EXCHANGER 
1952 was held May 23 at the Kanawha = 
Country Club. 
Dinner was served to the 150 members 
present and their guests. After the din- 


ner Chairman Porter summarized the SAVE COOLING WATER 
activities of the past year in a report 


TENTED 


to the members and announced that the | 
winning candidates of the recently con- Get Many Other Benefits and Cost Savings 
ducted election by mail are: 
—— e Niagara Aero Heat Exchangers It helps improve the quality of 
OF Lewis provide faster and more accurate production by removing heat at the 
ay A.G. Draegar | cooling to specified temperatures for rate of in-put, and by greater accur- 
Treasurer........ E. H. Ten Eyck, Jr. liquids in many industrial processes. acy of control. For example, as ap- 
Member-at-Large of They help lower production costs. plied to heat-treat quenching or to a 
Executive Committee.D. B. Benedict Cooling by the evaporative prin- chemical process cooling, provision 
Guests of the Section at the dinner ciple, they transfer heat to air, for heating as well as cooling saves 
were W. H. Jaquith and Leroy S. Clark | which is easily disposed of, and con- the time and prevents the product — 
of the Marine Midland Trust Co., New sume less than 5‘o of water used in losses of a “warm-up” period. 
York. Mr. Clark gave a talk, liberally conventional cooling methods. A Successful applications also in- 
interspersed with amusing anecdotes, on Niagara Aero Heat Exchanger re- clude control of temperatures for 
“A Banker Looks at Engineering,” in | places both shell-and-tube cooler jacket coolants for engines, hydraulic 
which he pointed out some ways in | and cooling tower, and saves piping equipment, transformers and elec- 
which banking and engineering are re- | @nd pumping, Its savings quickly tronic sets, and special industrial 
lated, and reviewed the general philoso- return its cost. equipment. 
phy of both fields of endeavor. 


Reported by G. K. S. Connolly Write for Bulletin No. 120 
NIAGARA BLOWER COMPANY 


TWIN CITY Over 35 Years of Service in Industrial Air Engineering 
At our final spring meeting, May 21, Dept. EP 405 Lexington Ave., New York 17, N. Y. 


at Rene’s Restaurant in St. I aul, forty Experienced District Engineers in Principal Cities of United States and Canada 
two members were present for the din- 


ner and program. 


Jose B. Calva of the J. B. Calva Co. INDUSTRIAL COOLING EN} HEATING ® DRYING 
gave ap jnformal talk titled “Economic 


Status of the Chemical Engineer.” i NI RA 
Dr. Calva urged greater participation fe zie 


by chemical engineers in civic affairs. ; . 
HUMIDIFYING @ AIR ENGINEERING EQUIPMENT 


(Continued on page 56) 
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LOCAL SECTION NEWS 
Investigate the (Continued from page 55) 


ENGINEERING AND MANUFACTURING APPROACH 
TO YOUR SPECIAL PROCESSING PROBLEMS 


For prompt consideration and reasonable delivery of special chemical-mech 
equipment. 


@ Chemical Engineering DESIGN. 


A staff of qualified chemical engineers, accustomed to working cooperatively with 
the engineers and management of Process manufacturine companies . . . specially 
trained men whose recogni achie have resulted in their being retained 
as consultants on many process installations. 


@ Mechanical Engineering DEVELOPMENT. 
A complement of mechanical engineers who pool their specialized abilities in 
equipment design to develop in detail the mechanical units required to eco- 
nomically operate your specific chemical process. 


e Facilities for MANUFACTURING. 


Integrated resources for fabrication, including modern shop equipment for heavy 
sheet metal forming, specialty welding, and all machinery operations. 


The evening was closed on an outdoor 
note with two movies, “Duck Hunters’ 
Dilemma” and “Water Fowls in Minne- 
sota.” 

Reported by R. H. Fredrickson 


NEW JERSEY 


For the 1952-53 season, the following 
officers were elected: 


oO. Karkalits 


nd D. D. MacLaren, N. Morash 


This Section concluded its third year 
of operation with an all-day meeting on 
May 6 at the Hotel Essex House in 
Newark. The morning program con- 
sisted of two symposia: Crushing & 
Grinding, featuring E. L. Piret of the 
University of Minnesota, H. W. Erick- 
son of Allis-Chalmers, and J. H. Foote 
of Pulverizing Machinery Co.; Instru- 
mentation for Process Control, featuring 
M. D. Shriver of Panellit, E. T. Davis 
of Leeds & Northrup, and Clarridge and 
Berk of Taylor Instrument Cos. 

The afternoon meeting was on the 
status of the chemical engineer. T. A. 
Marshall, Jr., of the Engineering Man- 

o power Commission, spoke on the engineer 
ational security. F. J. Van Ant- 


werpen, editor of “C.E.P.”, painted the 
he & R Tl N D A L E salary picture; and G. P. Whitcomb of 
PROTECTIVE MASKS 


Your call or letter will bring an Artisan engi- 
neer to give you more complete information. 


ARTISAN METAL PRODUCTS INC. 
73 Pond Street, Waltham (Boston 54), Massachusetts 


PROCESSING 
DESIGNED, DEVELOPED, MANUFACTURED 


American Cyanamid discussed employ- 
ment opportunities. H. B. H. Cooper of 
Colgate moderated the panel discussion 
which followed. 

Reported by D. A. Levenson 


COLUMBIA VALLEY 


At the annual meeting held in May, 
| the following officers were elected for 
the year 1952-53: 


DOWN TO 
FACE SMUGL' 


Chairman .......-- 

Vice-Chairman 

Sec.-1 

Members. Exec. Comm. 
Maider, Jr., C. F. Falk, Vv R. Cooper 

Ex officio-Past Chairman...C. E. Kent 


Reported by H. E. Hanthorn 


W. M. Harty 
. Hanthorn 


Weigh less than 4 ounce 


These light-weight aluminum masks 
provide protection against over 400 
Gusts euch es wood, coal, lime, salt, 
cement, grain, rust, paper, texti' 
some insecticides, paint spray from 
non-toxic paints, etc. 
Pads can be changed in a few puem 
Only clean gauze touches the skin. 
Comfortable to wear. Workers like 


Ideal for measurement of 
level, pressure, specific 
gravity and differential 
pressure. 
Materials available: 
steel, bronze, stainless, Haveg, 
Hastelloy and Monel. 


Non-overloading type diaphragm. Martindale Protective Masks....$.30 ea. 
sence accuracy. For high or low No. 1 Refills (Standard weight) .02 ea. 


Write for Illustrated Bulletin No. 2 Refills (Heavyweight) .02% ea. 


Write for quantity discounts 
INSTRUMENTS, INC. 


MARTINDALE ELECTRIC CO. 
122 N. Madison Tulsa 6, Okla. 


SOUTH TEXAS 


This Section had a field trip through 
| the Cameron Iron Works, Houston, 
| Tex., June 20. The social hour, dinner, 

and meeting were held at the Old 
Hitchin’ Rack at Addicks, Tex. The 
speaker of the evening was Parker 
Frisselle, manager, of market research, 
Dow Chemical Co., Midland, Mich. He 
talked on “The Functions of Chemical 
Market Research.” 


1322 Hird Ave., 
CLEVELAND 7, OHIO 
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CHICAGO 


The annual meeting was held May 21 
in the Western Society of Engineer's 
Suite with more thax 80 present for 
dinner. Election of officers resulted in 
the following: 


E. N. Mortenson 
Vice-Chairman......... J. R. Blizzard 
K. W. MacFie 
Treasurer......... T. H. Matthews, II 


The evening's speaker was Dr. A. W. 
Davison, director of research, Owens- 
Corning Fiberglas Corp., who talked on 
“Recent Developments in the Glass 


“Fiber Industry.” He explained the great | 


increase in the strength and flexibility 
of glass resulting from fiberizing and 
how this is utilized structurally. 

This was the final meeting of the 


season, and next fall the first regular | 
meeting will be held at new quarters in 


the Builders’ Club. 

Approximately 130 members and 
guests met on the occasion of the 
Section’s Annual Student Meeting, 
when members of A.I.Ch.E. chapters at 
Northwestern University and _ Illinois 
Institute of Technology were guests. 

William I. Burt, President, A.1.Ch.E., 
discussed briefiy the national arganiza- 
tion and activities. 

Another speaker was M. E. Barnes, of 
Armour & Company, who spoke on “The 
Relationship Between Management and 
Technical Personnel.” 

Reported by Thorpe Dresser 


PITTSBURGH 


The pipeline transportation of coal 
was discussed by Howard S. Turner, 
director of research and development, 
Pittsburgh Consolidation Coal Co., at 
the closing dinner meeting of the current 
season, held May 7 at the College Club. 

At the business session, the following 
were elected officers of the Section for 
1952-1953 : 

Chairman—Eugene Ayres, Gulf Re- 

search & Development Co. 

Vice-Chairman—W. M. Trigg, West- 

inghouse Electric Corp. 

Secretary—H. L. Kellner, Gulf Re- 

search & Development Co. 

S. Joseph, Koppers Co., 

nec. 

Dr. Turner underlined the necessity 
for lessened transportation costs of coal 
to existing markets, under present com- 
petitive conditions. In November, 1950, 
after experimental and design studies, 
the Pitt Consol research group decided 
to construct and operate a full-scale de- 
montration coal pipeline at Georgetown, 
Ohio; coal-pumping operations began in 
November, 1951. Such determining fac- 
tors as attrition, corrosion, flow rates, 
AP (power, pumping requirements ), de- 
watering, and general operability have 
been investigated and correlated in 
forecasting the commercial application 
of the process. 

Reported by Hugh L. Kellner 
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A Reseatch-Frontier.... 


THE BASIC TOOL OF LOW-TEMPERATURE RESEARCH IS THE ADL COLLINS 
HELIUM CRYOSTAT. IT PROVIDES 4 LITERS OF LIQUID HELIUM PER HOUR AND 
MAINTAINS A TEST CHAMBER TEMPERATURE FROM AMBIENT TO —27I° C. 


“Boiling point ef helium. 


IN THEORY: 


Atoms and electrons are in a state of more 
perfect order at extremely low temperatures. One can 
then study more precisely and effectively a number of 
variations in behavior which may at higher temperatures 


be masked by thermal motion. 
SUPPOSE THAT: 


Industrial research laboratories apply extreme 
low-temperature phenomena to your industry. Today, 
superconductors, chemical kinetics, heat capacities, prop- 
erty studies, are research projects . . . tomorrow, look for 
advances in instrumentation, metals of extraordinary 
hardness, accurate previews of chemical reactions. The 
rapid growth of this new research frontier may well affect 
your industry .. . how, when, or where is up to the research 
scientist, who, by using liquid helium, can more effectively 
and precisely study this new world near absolute zero. 


Send for Cryostat Folder CEP-3. and booklet on Low-Temperature Physics. 


ARTHUR D. LITTLE, Inc. 


Mechanical Division 


30 MEMORIAL DRIVE + CAMBRIDGE, MASS. 
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Ruggles -Coles 
ROTARY DRYERS 
are the answer! 


Double and single-shell continuous rotary dryers in seven distinct types—designed for direct, 


indirect hot air and steam heat. 


Available in sizes from 3’ to 10’ in diameter—from 10’ to 


100’ long. Write for Bulletin 16-D-40 on the entire Ruggles-Coles Dryer, Kiln and Cooler line. 


ROTARY KILNS 


For continuous chlcining, roast- 
ing or oxidizing Retractable 
firing hood. Available in sizes 
from 3° to 9 diameter—30’ to 
90’ long. 


H A R D 


COMPANY, 


ROTARY COOLERS 


ror cooling hot materials after high 
temperature drying or calcination. Avail- 
able in three types: air cooled, water 


spray cooled, and semi-submerged. From 
3’ to 10’ in diameter, shell lengths to suit. 


INGE 


INCORPORATED 


YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


NEW YORK 17 @ SAN FRANCISCO I] @ CHICAGO 6 @ HIBBING, MINN. TORONTO 1 
122 E. 42nd St. ~ 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 


This Plant Claims Their 
HEAT SAVINGS PAID 
7 for NICHOLSON TRAPS 


Nicholson expansion steam 
traps were installed by a proces- 
sor on tank heaters and coils 
where various unit temperatures 
from 160° to 185°F had to be 
maintained. The steam tempera- 
ture was 320°F. Figuring the 
difference in heat loss between 
Nicholson traps discharging con- 


Agitators 
Crystallizers 
Dryers 
Evaporators 
Heat Exchangers 
Kettles 


CATALOG 
751 
OR SEE 
SWEET'S 


For All Equipment Using Steam or Hot Water 


~ 


densate at 160° and others 
discharging it at about steam 
temperature, they feel heat loss 
was cut nearly in half. Due to 
their effectiveness in controlling 
temperature as well as draining 
condensate, Nicholson traps are 
paying for themselves in many 
industries. 


Pipe Coils 
Radiators 
Retorts 
Steam Stills 


Sterilizers 
Storage Tanks 
Washers 
Water Stills 


214 Oregon St., Wilkes-Barre, Pa. 


NICHOLSONS 


TRAPS -VALVES - FLOATS 
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| Carbix le & 


PEOPLE 


Harry B. McClure, vice-president, 
Carbon Chemicals Co., was 
elected honorary 
chairman, Ameri- 
can Section, So- 
ciety of Chemical 
Industry, for the 

year 1952-53. 
Other officers 
elected were: hon- 
orary  vice-chair- 
man, Lauren B. 
Hitchcock, presi- 
dent, National 
Dairies Research Corp., Oakdale (L. I.) 
N. Y.; honorary treasurer, Cecil L. 
Brown, assistant director of research, 
Standard Oil Development Co., New 
York, and honorary secretary, Freder- 
ick W. Adams, director of research, 
Spool Cotton Co., New York. Included 
among members of the Executive Com- 
mittee for three years are Emil Ott, 
Hercules Powder Co., Wilmington, Del., 
and Raymond Stevens, Arthur D. Lit- 

tle, Inc., Cambridge, Mass. 

Mr. McClure joined Carbide & Car- 
bon Chemicals in 1928 and in 1944 was 
advanced to the vice-presidency of his 
company, which is a division of Union 
Carbide & Carbon Corp. During World 
War II, he was consultant to the 
N.D.R.C. and was associated also with 
the War Production Board. 


Max Neuhaus has recently been 
elected vice-president of Jefferson Chem- 
ical Co., Inc., New York. Since 1948 
he has been manager of the technical 
and research department of the com- 
pany. Mr. Neuhaus received his B.S. 
degree from Rice Institute and his Sc.D. 
from M.L.T. 


Elwood I. Clapp, Jr., a graduate of 
the University of Maine with a B.S. 
degree, was recently appointed to the 
market research section, new product 
development, of American Cyanamid 
Co., New York. Mr. Clapp was trans- 
ferred from the chemical engineering 
division of the company’s Stamford 
(Conn.) research laboratories. 


C. E. Bonine, a graduate of Prince- 
ton University, has received the ap- 
pointment as homé office sales manager 
of chemical products sales, Atlantic 
Refining Co., Philadelphia, Pa. He had 


| been serving as administrative assistant 


of the section since 1948. Mr. Bonine 
joined Atlantic in 1941 as a member of 
the research and development depart- 


| ment, where he was stationed until his 
| transfer to chemical products sales. 


July, 1952 


tollom 
} 

a 
| 

| 

| 

| 

|. 


C. B. CLARK RETIRES 


C. B. Clark, director, patent depart- 
ment, American Cyanamid Co.'s Stam- 
ford research laboratories since 1932, 
retired June 30, following twenty-three 
years of service with the company. Mr. 
Clark was graduated from St. Law- 
rence University with a B.S. degree in 
1908, and received his M.S. degree in 
1911. He was associated with the 
General Chemical Co. from 1910 to 1929 
when he joined the American Cyanamid 


Co. 


Herbert E. Hirschland has received 
the appointment of director of research 
with the Metal & Thermit Corp., New 
York. A graduate of Dartmouth Col- 
lege and of Massachusetts Institute of 
Technology, Hirschland has been with 
Metal & Thermit since 1941, when he 
joined the company’s research labora- 
tory staff in Rahway, N. J. In 1946 
he left the research field to become a 
sales engineer in the company’s chemi- 
cal sales division and since 1950 has been 
assistant sales manager of that division. 


Robert J. Phillips has recently re- 
ceived the appointment of operation and 
maintenance editor with the Gulf Pub- 
lishing Co., publisher of Petroleum 
Refiner. Prior to going with Gulf, he 
had been with Humble Oil & Refining 
Co., Baytown, Texas, where he was stc- 
cessively junior engineer, assistant engi- 
neer, and chemical engineer. 


Robert E. Reinker has been named 
technical adviser to the president of 
Asahi-Dow Limited, recently formed 
associate of Dow Chemical Interna- 
tional, Limited and the Asahi Chemical 
Industry Co., Limited, of Japan. Reinker 
has been superintendent of the Dow 
Chemical Co.'s saran polymer plant at 
Midland for the past two years. He has 
been with Dow since graduating from 
Case Institute of Technology in 1942, 
and before entering the saran depart- 
ment was attached to the company’s 
chemical engineering and physical re- 
search laboratories. 


Frank W. Dittman has joined the 

Rust Process Design Co., a subsidiary 

of The Rust Engineering Co., as a 
process engineer. In his new position 

Dr. Dittman will handle projects of 

’ chemical plant design and construction. 
He started his career with St. Joseph 

Lead Co. in research, and after a period 

of teaching at Cornell University, served 

as electronics technician with the U. S. 

Navy taking part in the atom bomb 

tests at Bikini. On his return he joined 

the chemical engineering department of 
Koppers Co specialized in 
chemical p'ant design and was in charge 

of process engineering for the coal-to- 

oil demonstration plant built for the 

U. S. Bureau of Mines at Louisiana, Mo. 


where he 
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Charles E. Huckaba, instructor and 
candidate for a doctor of philosophy de- 
gree in chemical engineering at the Uni- 
versity of Cincinnati, has been ap- 
pointed associate professor of chemical 
engineering at Lamar State College of 
Technology, Beaumont, Tex. Mr. Huck- 
aba, scheduled to complete requirements 
for the doctorate in August, will assume 
his new duties Sept. 1. A 1944 gradu- 
ate of Vanderbilt University, he took his 
master’s degree from Massachusetts In- 
stitute of Technology in 1947. 


C. E. Webb was promoted recently 
from superintendent services at the 
Sharples Chemicals, Inc., Wyandotte, 
Mich., plant to assistant vice-president, 
manufacturing in the Philadelphia ex- 
ecutive offices. He has been with Shar- 
ples since 1941, 


Edward P. Lynch has recently been 
transferred from the Pittsburgh office 
of the chemical plants division of Blaw- 
Knox Co. to the Midwest office located 
in Chicago. A chemical engineer, he is 
in the chemical process department. 


John E. Swearingen was recently 
elected a director of Standard Oil Com- 
pany (Ind.). He joined Standard Oil in 
1939 as a chemical engineer in the Whit- 
ing (Ind.) research laboratories. In 
1947 he was transferred to the manu- 
facturing department of Stanolind Oil & 
Gas Co., becoming assistant to the 
vice-president in charge of operations 
in 1949, and manager of the company’s 
central division a year later. Early in 
1951 he was transferred to Stanolind’s 
general office in Tulsa, Okla., becoming 
a director shortly thereafter. He be- 
came general manager of production in 
Chicago in August, 1951. 


C. J. Francisco has been promoted 
to the newly created post of manager 
in charge of tech- 
nical activities for 
Harvey research 
center, of Sinclair 
Research Labora- 
tories, Inc. He 
joined the organi- 
zation in 1941. His 
initial work with 
the then wartime 
research center was 
with the Sinclair 
development department, pilot plant divi- 
sion. He directed the activities of Sin- 
clair’s process design group and sub- 
sequently was appointed research di- 
rector of the cracking division at Sin- 
clair’s new Harvey laboratories. 


W. R. Riggs has been promoted to 
the newly created position of manager 
in charge of general services for the 
Sinclair Research Laboratories, Inc., at 
Harvey, Ill, where he has served as 
general superintendent since 1951. 
(More About People on page 60) 
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VALVE 
ACTUATORS 


for POWER OPERATION 
and REMOTE CONTROL 
of Line Valves 
If you require automatic controls or 
power operation—or if your plant 
uses many valves in remote or inac- 
cessible spots, you can save man- 
power and simplify your operations 
by installing Ledeen Valves. Adept- 
able to most any moke, size and 
type of valve to operate against any 
line pressure, for any fivid medium, 
with any pressure. Positive, rugged, 
economical. 


Write for Bulletin 512 


VALVES © CYLINDERS 
AIR-HYDRAULIC PUMPS & BOOSTERS 
VALVE ACTUATORS © AIR HOISTS 
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MONOGRAPH 
AND 
SYMPOSIUM SERIES 


PHASE-EQUILIBRIA—Minneapolis and Columbus: experimental and_theo- 
retical studies of distillation curves; light hydrocarbons; T.B.P. assays; p-v-T-x 
relationships; hydrazine-water and ammonia-nitrogen systems; graphical repre- 
sentations; toluene-n-hexane mixtures; solvent extraction; thermodynamic formulas; 
fluorocarbons (approx. 125 pages; $3.75 to members, $4.75 to nonmembers) . 


Also Available 
SYMPOSIUM SERIES (814 by 11, paper covered) 
Phase-Equilibria—Pittsburgh and Houston (138 pages; $3.75 to members, 


$4.75 to nonmembers) 


Ultrasonics—two symposia (87 pages; $2.00 to members, $2.75 to nonmembers) 


MONOGRAPH SERIES (814 by 11, paper covered) 


Reaction Kinetics by OLAF A. HOUGEN (74 pages; $2.25 to members, $3.00 to 
nonmembers) 


In Preparation 


MONOGRAPH SERIES 
Diffusion by THomas B. Drew 


SYMPOSIUM SERIES 
Reaction Kinetics 
Heat Transfer 
Vacuum Engineeri 
Phase Equilibria M11 


The price of each volume depends upon the number printed. Subscriptions to the 
series, which allow a discount of 10%, make possible larger runs and consequently lower 


prices. The discount applies to all volumes in both series published in 1952 and 
subsequent years. 


CHEMICAL ENGINEERING PROGRESS 
120 East 41 Street, New York 17, N. Y. 


C) Please enter my subscription to the CEP Symposium and Monograph Series. | will be 
billed at a subscription discount of 10% with the delivery of each volume. 
Please send: 
copies of Phase-Equilibria—Minneopolis and Columbus. 
C) copies of Phase-Equilibria—Pittsburgh and Houston. 
copies of Ultrasonics. 
(CD copies of Reaction Kinetics. 
C) Bill me. C) Check enclosed (add 3% sales tox for delivery in New York City). 
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PEOPLE 
(Continued from page 59) 
E. S. Pettyjohn and J. D. Parent 


have recently been appointed vice-presi- 
dent, and dean, re- 
spectively, of the 
Institute of Gas 
Technology, Chi- 
cago, Ill. The nam- 
ing of Capt. Petty- 
john, the first in 
the history of the 
Institute (whose 
president is, ex of- 
ficio, the president 
of Illinois Institute 
of Technology) as 

E. S. Pettyjohn vice-president, was 
done in recognition of his contribution, 
as director, to the Institute’s rise in the 
fields of research and education. 

Professor Pettyjohn entered the gas 
industry in coke-oven operation for 
Semet-Solvay. Later he became re- 
search engineer for the Michigan Gas 
Association, and subsequently, as asso- 
ciate professor for gas engineering, 
established the cooperative course in gas 
engineering at the University of Michi- 
gan where he received his B.S.E. and 
M.S.E. After other assignments, in 1937 
he returned to the University of Michi- 
gan as associate professor of chemical 
engineering. 

J. D. Parent received his Ph.D. from 
Ohio State University, served success- 
ively on the faculties of Ohio State, 
Loyola of Chicago, and Kansas State, 
gaining experience in teaching and re- 
search before going to the Institute of 
Gas Technology in 1943 as supervisor 
of the chemical engineering section. 
His first three years at IGT were spent 
in research and in 1946 he was appointed 
educational director, which title he held 
until his recent promotion. 


PURDUE ENGAGES WOODS 
—BENNETT TO FRANCE 


The school of chemical and metal- 
lurgical engineering at Purdue Univer- 
sity, Lafayette, Ind., announces the fol- 
lowing addition to its staff, effective 
Sept. 1, 1952. John M. Woods has been 
appointed assistant professor of chemi- 
cal engineering. Mr. Woods took his 
undergraduate training at the University 
of Kansas and his graduate work at the 
Illinois Institute of Technology and the 
University of Wisconsin. He is now 
completing requirements for the Ph.D. 
degree at Wisconsin. He has been as- 
sistant professor of chemical engineer- 
ing at the University of Rhode Island. 

Prof. C. O. Bennett, assistant pro- 
fessor of chemical engineering, has re- 
ceived a Fulbright Fellowship and will 
spend a year teaching chemical engi- 


neering at the University of Nancy. 
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R. H. Boundy, manager of the Dow 


1945, has 
named to head the 
company’s research 
activities. Dr. 
Boundy went to 
Dow as a chemical 
engineer in 1926 
and has been close- 
ly associated with 
many of the com- 
pany’s develop- 
ments in the fields 


as assistant director of physical re- 


appointed assistant to the president. In 
1950 Dr. Bundy was elected to the board 
of directors, 


Edgar L. Demarest has 
been appointed West Coast district 
manager for the Buflovak equipment 
division of Blaw-Knox Co. He was a 
sales engineer for the past four years in 
the New York district sales office. Be- 
fore joining Buflovak, Mr. Demarest 
was project engineer with the Heyden 
Chemical Corp. He is a licensed pro- 
fessional engineer, and a graduate of 
Cooper Union. 

Frank M. Tiller, director of the di- 
vision of engineering, and professor and 
head of the department.of chemical en- 
gineering at Lamar State College of 
Technology, Beaumont, Tex., will lec- 
ture at the National Institute of Oils 
in Rio de Janeiro, Brazil, this summer 
at the invitation of the Brazilian gov- 
ernment. His lectures will be to gradu- 
ate students and professors of the In- 
stitute on unit operations, distillation, 
absorption, extraction and filtration. 
He will visit Brazil under the Exchange 
Persons Grant conducted by the U. S. 
State Department. Dr. Tiller will be 


who was a graduate student under the 
Lamar Tech professor when he was at 
Vanderbilt University. Mascarenhas 
currently is teaching chemical engineer- 
ing at the Institute. 


Norman D. Sixt, technica! engineer, 
y has joined the process equipment divi- 
sion of the Rod- 
ney Hunt Machine 
Co., manufacturer 
of 
evaporators and 
Rodney Hunt-Luwa 
spray dryers. Mr. 
Sixt was formerly 
with Susquehanna 
Chemical and the 


Allied 


tion, esterification and evaporation of 
synthetic organic material. 
(More About People on page 63) 
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Chemical Co.'s plastics department since | 
been | 


of hydrocarbons and plastics. He served | 


search from 1930 to 1941 when he was | 


recently | 


ADAMS 
the filters with BACKWASH-ABILITY 


IN LINED FILTERS 100 
COLLECTED SOLIDS ARE PURGED 
QUICKLY, EASILY, THOROUGHLY 


@ Backwash without disassembly or re- 
moval of any part. Filter is on stream 
again in o few minutes. 

@ High velocity backwash with filtered 
fluid forced by surge tank air head 


elements and shell. 

@ Adams Poro-Stone or Poro-Carbon 
filter elements, impervious to corro- 
sion at any pH, may be used with 
or without filter aid. 

@ Choice of natural rubber, synthetic 
or lead linings that cannot be at- 
tacked by nor contaminate any in- 
dustrial acid or alkali. 


Bulletin 430 shows flow diagrams. Write for a copy. 


R. P. ADAMS CO., inc.» 


Turba-Film 


Barrett division of | 
Chemical 
and Dye where he specialized in distilla- | 


associated with B. J. G. Mascarenhas | 


FOR EXACTING LABORATORY USE 


VITREOSIL* (Vitreous Silica) laboratory wore 
is @ superior replacement for porcelain and 
glass and oa satisfactory substitute for ploti- 
num in mony coses. Greater chemical 
purity ond high resistance to heat shock 
@s compored to other ceramics ond 
low initial cost compored to ploti- 
num hove led to the universol 
edoption of VITREOSIL os o sub- 
stitute for platinum, porcelain and 
other materials in many analyti- 
cal procedures. 


Standard items of VITREOSIL 
laboratory Ware include trans- 
porent, glozed and unglozed 
beokers, tubing, etc. 


Large siock enables 
prompt shipment. 


Write for Technical Bulletins giving 


*® full descriptions, specitications, and prices. 
THE THERMAL SYNDICATE, LTD. 
14 BIXLEY HEATH LYNBROOK, N. Y. 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at I5c a word, with a minimum of four lines accepted. Box number 


counts as two words. 


Advertisements average about six words a_ line. 


Members of the 


American Institute of Chemical Engineers in good standing are allowed one six-line insertion 


(about 36 words) free of charge r year. 


made at half rates. In using the 


More than one insertion to members will be 
lassified Section of Chemical Engineering Progress it is 


agreed by prospective employers and employees that all communications will be acknow!l- 
edged, and the service is made available on that condition. Boxed advertisements are 1 vailable 
at $15 per inch. Size of type may be specified by advertiser. In answering advertisements all 
box numbers should be addressed care of Chemical Engineering Progress Classified Section, 
120 East 4ist Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 15th of the month preceding the issue in which 


it is to appear. 


SITUATIONS OPEN 


EXECUTIVE CHEMICAL ENGINE — 
B.Ch.E. Licensed, with over twenty es 
substantial management experience in Ppro- 
duction and engineering of caustic/chlorine 
and organic operations. Seeking connec- 
tion with broad responsibilities. Box 4.7 

PROCESS ENGINEER —D.Ch.E. except for 
thesis. Ten years research, development, 
design, pilot plant, production. Thorough 
knowledge of plastics, polymers, latex, or- 
ganic chemicals. Permanent, responsible 
position desired with growing concern in 
design, production, or research. Box $-7. 

CHEMICAL ENGINEER—M.S. 28. Over four 
years experience in design, development 
technical sales and service in field of > 
troleum, plastics, chemical equipment. Be. 
sire position with broad responsibilities, 
Own correspondence. Willing to locate. Top 
ability and initiative. Box 6-7. 


CHEMICAL ENGINEER, FOREIGN EMPLOY- 
MENT—B.S.. M.S. Three years’ 
experience in design, construction and pro- 
duction. Single, 24, draft-exempt. eek 
overseas job, preferably in construction and 
start-up supervision. Box 7-7 


and sealers 
of five years aircraft experience. 


CHIEF MATERIALS AND PROCESS ENGINEER 


Opening for experienced man to supervise Materials and Process Department. Work 
is in the fields of chemistry, metallurgy and mechanical processing, plastics, adhesives 
Must be engineering graduate and have had supervisory and a minimum 


Send complete résumé to Technical Placement Supervisor, 


MCDONNELL AIRCRAFT CORPORATION 


St. Louis (3), Missouri 


DEPARTMENT OF CHEMICAL 
ENGINEERING 


University of Toronto 


There is an opening on the professorial 
staff for a man capable of initiating 
and directing research in the chemical! 
engineering aspects of the pulp and 
paper industry The applicant would 
be expected also to take his share of 
the undergraduate instruction in the 
department. 


OPPORTUNITY 
for 


Mechanical Engineer 
to take charge of static 
testing of solid propellant 
rockets 
one Chemical Engineer 
as a process engineer 
Interest and initiative of prime 
importance 


Box 2-7, c’o Chemical Engineering 
rogress 


SALES ENGINEER 


CORROSION RESISTING 
VALVES 


Manufacturer of Stainless Steel Valves 
has opening for representative to call 
on process industries. Age to early 
thirties. Engineering degree and or ex- 
perience selling industrial equipment 
essential. Several locations open each 
requiring some traveling. Salary and 
bonus; car furnished. Send complete 
résumé including age and salary de- 
sired. Box 3-7. 


CHEMICAL ENGINEERS 


Technical personnel! required for 
Process design and chemical equipment 
calculations in recently organized or- 
ganic development department of well 
established chemical company. Quali- 
fications include knowledge of thermo- 
dynamics and fundamentals of unit 
operations. 


Positions open for experienced chemi- 
cal engineers with B.S., M.S., or Ph.D. 
degree. 


Submit résumé of personal history, 
education, experience, salary expected. 


Application confidential. 
Director of Development 
NITROGEN DIVISION 
Allied Chemical & Dye Corporation 


ORGANIC DEPARTMENT 
HOPEWELL, VIRGINIA 


SITUATIONS WANTED 


A.1.Ch.E. Members 


CHEMICAL PROCESS ENGINEER—B.Ch.E. 
Age 33. Eleven years’ experience in process 
design and plant development work 
petrochemical, butadi a 
nitrogenous fertilizer plants where knowl- 
edge of distillation, thermodynamics, ab- 
sorption, heat transfer, etc., were required. 
Exceptionally well qualified through previ- 
ous positions for economic evaluation of 
and develop t gi ing for new 
projects. Present salary $10,000. Desire 
engineering position with small or medium- 
sized organic chemical or petroleum refin- 
ing operating company. Box |-7. 


CHEMICAL ENGINEER—Ph.D. Twenty years’ 
experience in teaching At present on leave 
in industry Desire change in location. 
Teaching experience covers every subject. 
Available in September. Box 10-7. 
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CHEMICAL ENGINEER—B.S. (1940), Chem.; 
M.S. (1949) and Ph.D. (1952), Ch.E. 35, 
married, one child. Eight years’ research, 
development and production experience in 
alumina, phosphorous, petroleum refining 
soda/chlorine. Available July. 

ox 8-7. 


CHEMICAL ENGINEER—D. Eng. (1952). 
our years’ experience in all phases of 
chemical process design from pilot plants 
to production units. Desire position in en- 
gineering design and research. Box 9-7. 


CHEMICAL ENGINEER 


Extensive progressive experience in- 
cluding direction of research and de- 
velopment, plant design and construc- 
tion, process economics. and waste dis- 
posal. Sc.D. in Ch.E. Age 49. 

Desire new connection requiring in- 
itiative and responsibility on technical 
or management problems. Would con- 
sider a part-time connection on a con- 
sulting basis. Box 1|1-7. 


LICENSED CHEMICAL ENGINEER (N. Y.)— 
33, married, three children. Active member. 
Thirteen years of accomplishment including 
supervision of production and process en- 

ineering. Submarine officer—World War 
1. Desire position with greater responsi- 
bility in process or project engineering. 
Box 12-7. 


SUPERVISORY CHEMICAL ENGINEER—32. 
M.S., M.LT. Licensed P. E. Ten years’ 
varied plant-centered experience from proc- 
ess development and engineering through 
production supervision. Fields: antibiotics, 
organics, plastics. Box 13-7. 


EXECUTIVE CHEMICAL ENGINEER—Ph.D. 
1938. Now completing as director the de- 
velopment of operating plants from process 
patents. Thorough experience in process 
engineering design. Specialist in solvent 
extraction. As head of engineering divisions, 
handled successfully administration, per- 
sonnel supervision, technical promotion, 
cost evaluations and contract negotiations. 
Available for responsible position with en- 
i" or processing organization. Box 


CHEMICAL ENGINEER—Registered Profes- 
sional Engineer. Age 32, married. Seven 
years’ diversified experience in process 
engineering, pilot plant operation, develop- 
ment and research plus two years’ consult- 
ing and teaching experience South 
America on engineering projects. 

locate, available immediately. Box 15-7. 


Nonmembers 


CHEMICAL ENGINEERING EXECUTIVE — 
Age 38. Registered Ch.E. Experienced in 
equipment and processes for production of 
insulating materials, use and handling of 
resins and asphalt. Excellent relations with 
labor. Desire management position, requir- 
ing organizational ability. Box 16-7. 
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PEOPLE 
(Continued from page 61) 


Joseph W. Lang recently received 
the appointment of director of research, 
central research laboratory, General 
Aniline & Film Corp., New York. Dr. 
Lang, a graduate of the University of 
Washington, holds a Ph.D. degree from 
Columbia University. Prior to going 
with Aniline, Dr. Lang was with the 
Du Pont Co. where he had been active 
in research and chemical engineering 
work in the organic chemicals depart- 
ment. Until he assumed General Ani- 
line’s plant manager post at Rensselaer 
in July, 1950, he was engaged in both 
production and process development ac- 
tivities for the company. His headquar- 
ters will be at the central research labo- 
ratory in Easton, Pa. 

W. A. Koehler, professor and head 
of the department of chemical engineer- 
ing, West Virginia University, Mor- 
gantown, W. Va., became director July 
1, 1952 of the Engineering Experiment 
Station. Dr. Koehler had been serving 
as acting director. The Engineering 
Experiment Station is the research 
agency for the College of Engineering 
and the School of Mines. 

M. F. Ohman and H. H. Smith of 
the Dow Chemical Co. have recently 
received new appointments as assistant 
general manager, and production man- 
ager of the Western division, respec- 
tively. For the past nine years Ohman 
has been production manager for the 
Western division. Ohman, associated 
with Dow since 1930, started as a chem- 
ical engineer in the company’s Midland 
(Mich.) headquarters. Later he moved 
to Long Beach, Calif., where he devel- 
oped a new process for the reclamation 
of iodine from oil-well brines for. the 
then Io-Dow Chemical Co., which later 
joined with Dow’s Western division, and 
in 1941 he moved to Pittsburg as assis- 
tant plant superintendent. Smith also be- 
gan his Dow career in the company’s 
Midland laboratories, and moved to Los 
Angeles during the war as assistant 
manager of the government-owned, 
Dow-operated styrene plant there. He 
later became manager of the styrene 
plant, and moved to Pittsburg as as- 
sistant production manager of the divi- 


sion. 


William H. Schuette is now manager 
of the newly formed plastics production 
department of The Dow Chemical Co., 
Midland, Mich. He had been assistant 
production manager of polystyrene since 
1949. Dr. Schuette began with Dow 
after receiving his doctor’s degree in 
chemical engineering from Case School 
of Applied Science in 1941. His research 
efforts included work with styrene and 
other hydrocarbons, and in 1943 he be- 
came production superintendent for 
these materials. 
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DRUMMOND, KATZEN 
IN VULCAN SHIFT 


V. D. Drummond 


R. Katzen 


V. D. Drummond, at present man- 
ager of the engineering division of The 
Vulcan Copper & Supply Company of 
Cincinnati, has become manager of the 
New York office recently opened to rep- 
resent its engineering, manufacturing 
and construction divisions. Succeeding 
Mr. Drummond is Raphael Katzen who 
will assume the position of manager of 
the Vulcan engineering division. 

Mr. Drummond is a graduate of Okla- 
homa A & M College and Stevens In- 
stitute. Before joining Vulcan he held 
positions with the American Locomotive 
Co., Standard Oil Development Co., and 
Publicker Industries. 

Dr. Katzen has been with Vulcan since 
1944. Prior to joining Vulcan he was 
with the Diamond Alkali Co. and the 
Northwood Chemical Co. He holds de- 
grees from Brooklyn Polytechnic Insti- 
tute in chemical engineering. 


Earl P. Stevenson, president, Arthur 
D. Little, Inc., Cambridge, Mass., re- 
cently received the honorary degree of 
Doctor of Laws frony Wesleyan Uni- 
versity, Middletown, Conn., for leader- 
ship in industrial research and commu 
nity endeavors. Mr. Stevenson was edu- 
cated at Wesleyan University and the 
Massachusetts Institute of Technology. 
He joined the staff of Arthur D. Little, 
Inc., in 1920 and was elected president, 
in 1935. He is consultant to the De- 
partment of Defense and the Chemical 
Corps. 


John F. Conlon, formerly technical 
director of Acumeter Laboratories, Inc., 
Newton Lower 
Falls, Mass., 
associated with the 
works 


is now 


engineering 
department of Car- 
bide and Carbon 
Chemicals Co. at its 
Texas City (Tex.) 
plant. During the 
war Mr. Conlon 
was engaged in 
the development of 
polyethylene resins at the Tonawanda 
(N.Y.) laboratories of the Linde Air 
Products Co., and at the Bound Brook 
(N.J.) plant of Bakelite Corp. 
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GENERAL-PURPOSE 
PACKING 


Ask for No. 620EG 
(graphite impregnated) 
or No. 620EM 


(with mica.) 


1 Inert to acids, caustics, 
solvents. 


? Good for temperatures 
from -110°F. to 500°F. 


Anti-hesive — shafts 
3. and spindles operate 
freely. 


4 For general stuffing- 
box applications. 


4 Extruded in continuous 
” lengths. Sold by the foot. 


UNITED 
STATES 


GASKET 
COMPANY 


CAMDEN 1 


NEW JERSEY 


*du Pont's trademark for its 
tetr ofluoroethy lene 


FABRICATORS OF “TEFLON,” 
AND OTHER FLUOROCARBON PLASTICS 
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{lorsepower fleadaches? 


ARE A SURE CURE! 


Don't blow a fuse because you are 
overloaded with pumping troubles. The 
steep head-capacity and flat horse- 
power characteristics of Johnston 
Vertical Turbine Pumps prevent over- 
loading of the motor regardless of 
fluctuations in capacity or head. Low 
starting torque requires less horse- 
power and results in higher efficiency 
and longer life of the motor. 


The Treatment Is Painless 

Every Johnston Pump is engineered 

for the specific duty for which it is 

intended. Trained hydraulic engineers 

are available at your nearest Johnston 

dealer or at the Johnston factory to 

furnish detailed information, propos- 

als and anything else necessary to 

cure your particular 

pumping malady. 
Kr The Johnston Wonder Drug 

Johnston Turbine 

Pumps are ideally suited 

for industrial and municipal 

applications because of their non- 

overloading characteristics, simplicity 

of construction, compactness, ease of 

installation, elimination of priming, 

low starting torque, capacity adjust- 

ment features and minimum mainte- 
nance costs. 


. 
No matter what your pumping job, 
contact your nearby Johnston Dealer 


or write the factory direct for a free 
of your p 


JOHNSTON PUMP COMPANY 
3272 EAST FOOTHILL BLVD., PASADENA 8, CALIF. 


Headquarters for Vertical Turbine, Mixflow and 
Propeller Pumps Since 1909 


Page 64 


G. E. Seavoy, vice-president of sales, 
Whiting Corp., Harvey, Ill, has re- 
turned from Frank- 

fort, Germany, 

where he attended 

Achema, the Ger- 

man equivalent of 


the U. S. chemi- 
cal exposition. Mr. 
Seavoy is a gradu- 
ate chemical engi- 
neer, University of 
Michigan, and for 
some years was in 
charge of the Swenson Evaporator Co. 


| division of Whiting Corp., which spe- 
| cializes in the design and manufacture 


of evaporators, crystallizers, filters and 
spray dryers. 


Richard K. Fliteraft is now assistant 
research director of Monsanto Chemical 
Co.’s Merrimac division. In this ca- 
pacity he is in charge of engineering 
functions of the research department. 
Graduated from Rutgers University 
with a B.S. degree in chemistry in 
1942, he joined Monsanto as a control 


| chemist. He has served as group leader 


in the development department of the 
company’s W. G. Krummrich plant at 
Monsanto, Ill, as supervisor in the 
manufacturing department and recently 
as plant development superintendent. He 
received his M.S. degree in chemical 
engineering from Washington Univer- 
sity in 1948. 


Cary R. Wagner, of General Ani- 
line & Film Corp., New York, was 
elected chairman of the Executive Com- 
mittee of the company’s board of di- 
rectors at the June meeting. At the 
same time, Dr .Wagner resigned his 
staff post as senior vice-president of 


General Aniline to enable him to give 
more time to his chemical consulting 


| practice. In the chemical industry for 


thirty years, Dr. Wagner became a di- 
rector of General Aniline in 1947. 


John J. McKetta, professor of chemi- 
cal engineering, University of Texas 
and chairman of the department from 
1949-51, has resigned to become edi- 


| torial director of Petroleum Refiner, a 


Gulf Publishing Co. publication. Dr. 


| McKetta received his B.S. degree in 


chemical engineering at Tri-State Col- 


| lege, Angola, Ind., in 1937. After four 


years in development and production 


| with Wyandotte Chemicals Corp., he 


was director of chemical development 
for C. B. Schneible Co. In 1942 he was 


| awarded a teaching fellowship at the 


University of Michigan, where he took 
his doctorate in 1946. In addition to his 
| teaching duties at Austin, he has been 
head of the Texas Petroleum Research 
Council, a duty he will continue until 


| the expiration of his contract. 
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Marvin M. Ramer, with Blaw-Knox 
since August, 1950, has recently been 
promoted to contract manager at the 
Southwest division of chemical plants 
division. In this position he will have 
charge of all contract preparations and 
will assist in contract negotiations for 
the engineering, procurement, and con- 
struction activities of chemical plants 
originating in the Southwest division 
with headquarters at Tulsa, Okla. Be- 
fore going to Blaw-Knox he held man- 
agerial positions with other chemical 
companies. Ramer is a graduate of 
Rensselaer Polytechnic Institute with a 
degree in chemical engineering. 


Edward M. James, assistant to the 
technical adviser of Lever Brothers Co., 
Cambridge, Mass., has been elected the 
forty-third president of the American 
Oil Chemists Society. He received his 
B.S. and A.M. degrees from the Uni- 
versity of Cincinnati. 


Jerome M. Crockin, who has been 

directing process development activities 

at Lukenweld, di- 

vision of Lukens 

Steel Co., Coates- 

ville, Pa., has been 

placed in charge of 

coordinating engi- 

neering and manu- 

facturing activities 

of its cotton seed 

oil extraction pro- 

gram. A registered 

professional engi- 

neer, Mr. Crockin has had many years’ 

experience in the oil extraction field 

including development of special oil seed 

process equipment at Blaw-Knox, as 

well as process design of synthetic rub- 

ber and butadiene plants, recaustization 

of green liquor in pulp mills, ammonia 

recovery in nickel ore leaching and 

other recovery processes. He was edu- 

cated at Virginia Polytechnic Institute 

where he received his B.S. and M.S. 

degrees, and at Massachusetts Institute 

of Technology. Crockin formerly was 

an associate professor of chemical engi- 

neering at Michigan Mining and Tech- 
nical College, Houghton, Mich. 


Necrology 


J. W. WHITNEY 


Junior W. Whitney, development 
chemist, Titanium Pigment Corp., 
Sayreville, N. J., since 1946, died re- 
cently. During World War IT, he served 
as an officer in the U. S. Navy. He 
received his B.S. in chemistry from 
Purdue University and his B.S. degree 
in chemical engineering from Polytech- 
nic Institute of Brooklyn. Mr. Whitney 
was thirty-two years old. 
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Artisan Metal Products, Inc. 56 
Atlas Mineral Products Co. ..........++++ 26 
Bartlett & Snow Co., The C. O. .......... 51 
Binks Manufacturing Co. ...........----- 52 


Cameron Pump Div., Ingersoll-Rand. ....... 7 
Carbide & Carbon Chemicals Co., A Division 


of Union Carbide and Carbon Corp., 
Inside Cover 
Condenser Service & Engineering Co., Inc... 44 
Corning Gloss Works 14,15 
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Croll-Reynolds Co., | 
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Fischer & Porter Company ..............- 45 
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General American Transportation Corp... ..322 
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‘ Lawrence Machine & Pump Corp. ......... 54 
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OL—FROM MIN- 
ANGES IN THE 
NSHIP OF TWO 

RESSURES 


MERCOID DIAPHRAGM DIFFERENTIAL 
PRESSURE CONTROLS OPERATE FROM 
MINUTE CHANGES (.O03"WATER) IN 
THE DIFFERENCE BETWEEN TWO 
PRESSURES. 


RANGES TO COVER MOST APPLICA~ 
TIONS (INCHES OF WATER) 6*VAC~ 
TO 6" PRESS., AND 30"VAC. TO 

$ 30" PRESS. AVAILABLE FOR VAR. 
1OUS CIRCUIT ARRANGEMENTS. 


CAN BE FURNISHED IN EXPLOSION 
6 PROOF OR WEATHER PROOF CASES. 


Ptaudier Company, The 


29 
Five 
Thermal Syndicate, lid. | + 


Union Carbide and Carbon Corp., 
ond Carbon Chemicals Co., 


Carbide 
Inside Front Cover 


IMustrated above is a standard appli- 
cation whereby the Type PPO func- 


tions to open (or close) an electrical 
Vv circuit from a variation in pressure 
differential due to a clogging filter. 
Vapor Recovery Systems Co............... 5 
| WRITE FOR BULLETIN PPQ 
ved THE MERCOID CORPORATION 
Western Precipitation Corp. ............. 66 4205 BELMONT AVE. CHICAGO, WL. U S.A 


C-R EVACTORS 


MEET CORROSION PROBLEMS 


The chemical industries are employing more and 
more Croll-Reynolds Evactors in vacuum proc- 
esses where corrosion resistance is a major con- 
sideration. These steam jet vacuum units provide 
pressures ranging from a few inches to a few 
microns. Croll-Reynolds is a pioneer in the use 
of new construction materials and our engineers 
are investigating corrosion problems continually. 


Stainless steels, Monel metal, Beryllium copper, 
Ni-Resist, PMG metal, hard lead, special bronzes, 
Hastalloy, and Ilium are but a few of the special 
metals which find their way into our equipment. 
Carbon is used extensively as a lining material, 
and many plastics including Teflon and synthetic 
materials are used for making complete Evactors. 


Consult our engineers for high vacuum equip- 
ment carefully designed for your specific condi- 
tions, and constructed of materials selected for 
your particular conditions. 


CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, New Jersey 
17 John Street, New York 38, N. Y. 


CHILL-VACTORS STEAM JET VACTORS CONDENSING EQUIPMENT 


REYNOLDS 
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WAY. wes 


The Hoto-F ute principle provides 
many important advantages in modern 
processing operations... 


ITS LARGE HEAT-TRANSFER SURFACE re- 
quires far less space—as little as 1/5th the 
space required by other heat-exchange 
equipment. Further, flights can be “stacked” 
as high os desired to save floor space, 
simplify installation! 


THE holo-flite PROCESSOR 


(HOLLOW-FLITE) 


ITS SLOW ROTATION IS SO GENTLE thot 
granular and powdered solids are handied 


A sim pler, more compact way to cool ~ with no dusting—little or no particle abra- 


sion, Result—no dust recovery problems . . 


slurries, solids or pastes—in continuous flow! Be] simple, inexpensive installation. 


Do you have processes where slurries, solids, pulps or 


pastes must be cooled or cooked? Do you know you can now handle = 
such processes—in continuous flow—in as little as 1/5th the space ; Ps 


required by other types of heat exchangers—and with many other 


: IT 1S ADAPTABLE to a wide range of appli- 
important advantages? cations—handies solids, pulps, pastes and 

4 slurries with equal ease. Heat transfer agent 
can be refrigerant, water or other fluids to 


The newly-developed HOLO-FLITE Processor is the answer! provide a wide range of temperatures. 


Cooled products can be packed directly from 
Ww hat IT Is! 


HOLO-FLITE discharge, saving time, spoce 
and additional handling. 
Basically the HoLo-F ite consists of two or more 
Sights of hellow-bleded screw conveyors. The product to 
be processed moves in a trough around the conveyor fest 5 
screws. The heat-transfer fluid circulates through the : 4 
hollow blades and shafts of the conveyor. The product IT CAN BE DESIGNED to hondie virtually 


is constantly rotated into, around, under and over the ony capacity by varying the diometer and 


blades and shafts through which the heat-transfer fluid = length of the flights, and the number of 


is circulating, assuring quick, uniform heat pas- 

sage between the two mediums—as the product = aN 
\ is continuously moved along in a bulk-flow with- 

out interruptions! 


WESTERN. 


. accipitali 
Get the complete story on Hoo-F sav- 


ings and how this new advancement can R p oO R ATl N 


simplify your processing operations, It is 
backed by the same organization that pio- = ENCINEERS, DESIGNERS @ MANUFACTURERS OF EQUIPMENT FOR 
neered CotTtre.t Precipitators and Muuti- COLLECTION OF SUSPENDED MATERIALS FROM CASES @ LIQUIDS 
cLone Collectors—your assurance of com: DETAILED INFORMATION! Main Offices: 1062 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
plete dependability, New 8 page bulletin describ- CHRYSLER BLDG, NEW YORK 17 * 1 N. Lo SALLE ST. BLDG., CHICAGO 2 
ing HOLO-FLITE features and 
will be 1429 PEACHTREE ST. ATLANTA 5 HOBART BLDG. SAN FRANCISCO 4 
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What are Milton Roy Motor- 
Driven Controlled Volume 
Pumps? What materials do they 
pump? How and where are they 
used? What different designs and 
models are available ? 


The answers to these questions 
and many more can be found in 
Bulletin No. 251. This illustrated, 
24-page, 2-color bulletin is full of 
important details. Here is a pre- 
view of some of the subjects 
which are discussed: 


@ a description of various Milton 
Roy Motor-Driven Controlled 
Volume Pumps—the Simplex, 
Duplex, Constametric, “Titronic,” 
and “miniPump.” 


@ an explanation of the exclusive 
Milton Roy Liquid End Step-Valve 
design. This information is useful 
because it describes the “how” 
and “why” of this unique non- 
clogging, self-cleaning liquid end. 


e a description of pump Capacity 
regulation by plunger stroke adjust- 
ment, including screw adjustment, 
micro adjustment, motorized 
micro adjustment. 

e details on pump capacity regu- 
lation by plunger speed adjust- 
ment, including speedranger 
adjustment, “Thymotrol” adjust- 
ment, Link Belt P.1.V. adjustment. 


Complete 


In These 


1379 EAST MERMAID LANE, 


Information 


e data on where Milton Roy 
Motor-Driven Controlled Volume 
Pumps can be used. 


® capacity-pressure selection 
tables are included. 

If your operations call for pump- 
ing liquids in accurately measured 
volume in amounts as low as 3 
milliliters per hour or as high as 
50 gallons per minute, we're sure 
Bulletin No. 251 will be of value 
to you. For your free copy, write 
the Milton Roy representative 
listed in your local classified tele- 
phone directory. Or, write 
directly to us. 


COMPANY 


PHILADELPHIA 


18, PA. 


CONTROLLED VOLUME PUMPS AND AUTOMATIC CHEMICAL FEED SYSTEMS 
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TEST TANK is fitted with duol- 
wound helical coils that permit 
steady-state temperature condi- 
tions while testing. Thermo- 
couples in coil walls record dota 
on point conditions. 


: MIXING EQUIPMENT Co., Inc. 


MEASURING POWER CONSUMPTION of mixer 
impeller. Mixer shoft is fitted with electronic 
Power consumption is recorded 
continuously on a strip chart, as part of data 
required for accurate sizing. 


torquemeter. 


RECORDING POTENTIOMETER 
automatically plots temperature 
data from thermocouples, on as 
mony as 32 stations, one every 
3 seconds, for accurate calcula- 
tion of heat transfer coefficients. 


199 Mt. Read Blvd., Rochester 11, N. Y. 
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How to get guaranteed results, minimum heat- 
ing-cooling time, and accurate process control 


On any project involving heat transfer in kettles or tanks, check 
first with Mixco engineers. Their experience can help you arrive at: 
© most efficient heating and cooling equipment (vertical tubes, 

helical coils, etc.) 

© correctly sized mixer for exact temperature control 

© accurate prediction of beating-cooling time 

© fully guaranteed results 
The answers on high-efficiency heat transfer are at your disposal, 
without cost or obligation. Facts are derived from hundreds of 
successful heat transfer installations using LIGHTNIN Mixers, plus 
constant research with up-to-date laboratory and pilot equipment. 

For more details, call your LiGHTNIN Mixer representative. Or 

write us today, briefly describing your needs. For catalog informa- 
tion on LIGHTNIN Mixers, check and mail the coupon. 


Research is key to good heat transfer 
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VISCOSITY CENTIPOISE 
Effect of Viscosity on Heat Transfer Coefficient 


Graph shows the effect of viscosity on heat transfer coefficient. Similar 
data or flow rate, vessel size and shape, impeller size, shape, location and 
other variables enable MIXCO Engineers to accurately specify heat trans- 
fer conditions for your particular process. 


(propeller type) 


Nome 
Title 
Company 
Address 


City 


() B-78 Top Entering Mixers 


() B-76 Side Entering Mixers 


In Canada: William & J. G. Greey, itd., Toronto 
Please send me the bulletins checked: 


() B-102 Top Entering Mixers (| B-100 Condensed Catalog 
(turbine and paddle types) 


(complete line) 


8-75 Portable Mixers 
(electric and air driven) 


| DH-50 Laboratory Mixers 


PORTABLE 
Ve to 2 HP 


TOP ENTERING 
1 to 500 HP 
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